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X-RAYING LARGEST STAINLESS 


STEEL “HOT” PUMP CASTING 


to engineer and manufacture nuclear prod- 


Above, technicians mark segment of cast- 
ing for one of many hundreds of X-ray 
pictures employing a 24,000,000 volt 
Betatron at the Bonney Floyd Foundry 
Below, X-ray picture is carefully in- 
spected for flaws 


Shown here is the largest single-piece stain- 
less steel pump casting built today. The 
X-ray procedure is just one of the many 
inspections necessary to assure the high 
quality in Worthington nuclear pumps. 
Special designs were necessary to allow a 
single casting to be made for this size pump. 

A more complete discussion of special 
equipment criteria and manufacturing 
techniques for nuclear requirements is 
available in a Worthington pamphlet, 
“Manufacturing For a Nuclear Power 
Plant.”’ Ask for RP-1092 

To provide the special attention required 


ucts, Worthington has an Advanced Prod- 
ucts Division which specializes in pumps 
and other equipment for nuclear plants. 
For further information, write Worthington 
Corporation, Nuclear Department 106-7, 


Harrison, New Jersey. 


WORTHINGTON 


PRODUCTS THAT WORK FOR YOUR PROFIT 





From scaffolding over « 


> B&W technician checks fuel element arrangement prior to criticality tests. 


Con Edison core goes critical at B&W laboratories 


as achieved 


On June 2 
he thoria-urania fueled reactor 
Consolidated 


75.000 kw Indian Point 


Station, now nearing completion. 
Indian Point will be the nation’s 

largest power plant employing nu- 

clear power. Steam produced by the 


reactor will pass through oil-fired 


super-heaters, permitting turbine 
operation at 1000 F. 

The full-core criticality tests, per- 
formed at B&W’s Lynchburg, Vir- 
ginia, nuclear facilities, are intended 
to confirm the nuclear design of the 
core. Further, important loading 
procedures to be used when the core 
is installed at Indian Point later this 


year will be determined. Pioneered 
by B&W, the unique thoria-urania 
fuel—with a conversion ratio pro- 
viding extended core life—contains 
93% thorium oxide. The Babcock & 
Wilcox Company, 161 East 42nd 
Street, New York 17, New York. 


Babcock & Wilcox 
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... about NUCLEONICS 


Nuclear Scholarship 


“| believe deeply in the impor- 
tance of basic research . . . for its 
intellectual value." 

—Leland J. Haworth 


A real danger to America as a civili- 
zation is that efforts for the short-term 
goal of practical results will drown the 
long-term goal of making better men. 
Concern for science may overwhelm 
our concern for scientists. It is too 
easy to forget that impractical things 
like imaginary numbers, developed 
just for fun, precede practical things 
like intercontinental telephones and 
television. 

We at NucLEONIcS are devoted to 
academic aspects of nuclear science as 
is AEC Commissioner Haworth. Two 
kinds of scholarship must always be 
important: research, which unravels 
the secrets of nature, and study to 
make what we discover easier to under- 
stand. We can only develop properly 
if we find fun in ingenuity and stimu- 
lation in intellectual challenge. 


PEGGY JACKSON of NUCLEONICS news 
staff interviews |. H. Usmani, chairman of 
Pakistan atomic-energy commission, and S. 
Baron of Burns and Roe, occasional con- 
tributor to NUCLEONICS pages 


Since editorial pages are hard to pay 
for and difficult to produce, we have 
little space for truly tutorial articles. 
Our field is new developments, and we 
leave largely to teachers and text books 
the kind of study that reviews, revises 
and correlates. 

Nevertheless in three ways we try 
to make our contribution to scholar- 
ship: Each item and article is intended 
to include introductory and _back- 
ground material. For our own staff a 
film program serves as a nuclear-tech- 
nology course. 

Finally, in response to questions from 
scholars of all ages, we write letters and 
mail literature. In our photograph 
you will see the Nuctzonics staffer 
who carries on the last two of our 
“academic”’ programs. 





Will You Help Us? 


We of the NUCLEONICS staff 
are always happy to answer student 
letters that request information 
about nucleonics. Usually we 
have on hand a file of literature. 
Sometimes, however, the file runs 
out, if not altogether, then in some 
aspects. We may have lots of 
folders on how the atom produces 
energy and none to answer a ques- 
tion about how radiotracers are 
used in medical diagnosis. 

Do you have literature you can 
send us for educational purposes? 
If you have, we will be happy to 
have some copies to send to stu- 
dents who need them. Do you 
have literature that you would be 
happy to send yourself to students 
who ask for it? If you do, we will 
be glad to be made aware of it. 
Send your literature—or your list 
of titles—to our “Student Service 
Department.” 
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THE PROBLEM! OF FUEL ELEMENT DEVELOPMENT FOR NUCLEAR ROCKEG 


Nuclear propulsion offers advantages for capabilities and background of producing 
extended space exploration simply because fuel elements for a variety of reactors, 
nuclear energy provides more power per The Martin Company has sponsored an inde- 
pound than any other power pendent program for a number of 
source known. Because fuel ele- years directed toward the fabrica- 
ment temperatures for rocket tion of suitable nuclear fuel ele- 
reactors may range as high as ments for rocket reactors. This is 
5400°F (higher than the boiling > part of a broad Martin program 
point of steel), the limitations of G designed to help meet our na- 
existing materials make the lf tional goals of testing the first 
achievement of good fuel element 7, nuclear flight system by 1966-67. 
characteristics extremely difficult. 

Drawing upon its existing mate- Test of a fuel element in os 
rials research and development  Sieerpnision es VG 44 Fa 2 ra 
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Carbon Steel in Halden Reactor 
DEAR Sir: 


In the March issue of NUCLEONICS 
there is a very interesting note by H. R. 
Kosmata titled, ‘‘NRP Uses Carbon 
Steel.”’ 
| In this connection, it might be of 
interest to the readers of NUCLEONICS 
| to know that the Halden Boiling Water 
| Reactor has used mild carbon steel for 
| out-of-pile sections of the primary loop 
| since it was commissioned in June 1959. 
From that month to October 1960 a 
| low-power, low-temperature research 
| program was carried out, and from 
| October 1960 through April 1961 the 
| reactor has been operated at 150°C 
with a maximum power level of 5 Mw. 

The fuel elements during these low- 
power runs were natural uranium metal 
| rods canned in 2S aluminum. It might 
also be of interest to note that the 
| aluminum has behaved excellently at 
150°C. 

The temperature and power level 
will now be increased to 230°C and 
| 20 Mw respectively with a new fuel 
UO, canned in 





icharge of sintered 
zircaloy-2. 

The material selections for the pri- 
mary loop of the HBWR are shown 
schematically on the enclosed sketch. 
The steam pipe leading from the steam- 
extraction system to the heat exchanger 
is fabricated from mild-carbon-steel 
| tubing. The same type of material is 
also used in the steam-extraction sys- 
tem, the reactor lid, and the in-pile 
| shielding plates. However, these lat- 
ter components have been nickel plated 
| by an electrodeless method. The con- 





densate pipe from the heat exchanger 
to the reactor is of austenitic stainless 
steel. 

During the 150°C operating period, 
which lasted seven months, the heavy 
water conductivity has been main- 
tained between 0.6 and 1.0 umho/cm. 

In spite of the installed unit for re- 
combination of radiolytically decom- 
posed heavy water, the oxygen content 
of the steam has been high, around 1%. 
Inspection of the steam pipe carried out 
recently showed no signs of undue cor- 
rosion. As a matter of fact the cor- 
rosion was found to be less pronounced 
than expected; the surface was covered 
with a dark-brown oxide layer. 

This result has been so encouraging 
that another primary steam pipe from 
the reactor to a new heat exchanger 
will also be fabricated from mild carbon 
steel. 

STEINAR AAS 
Senior Metallurgist 


Institutt for Atomenergi 
Kjeller, Norway 





Heot exchanger 
Steam pipe 
Condensate 
pipe 
Steam- 
extraction 
system 
Reoctor lid 
Shielding 
plates 
































Carbon steel 
c 

Ni- plated 
carbon steel 
rr 
Stainless 
steel 
i rT 








Reactor 
vessel 














Subscription Information 


FREE TEST 


NO OBLIGATION 
OR FOR... 
SPECIFICATIONS 
AND PRICE LIST 


ATOMIC 


FILM BADGE CORPORATION 
43 W. 61ST. NEW YORK 23, N.Y. 


TELEPHONE JU 6-6520 


Subscription rates (includes Buyers’ Guide issue): United States $8 per year; $12 
for 2 years; $16 for 3 years. Canada, other Western Hemisphere countries, and the 
Philippines, $10 for 1 year; $16 for 2 years; $20 for 3 years; all other countries, 
$15 for 1 year; $25 for 2 years; $30 for 3 years. Single copy prices: United States, 
U. S. possessions and Canada, $1, elsewhere, $2; Buyers’ Guide issue $2 and $4. 

Nucleonics is available only by paid subscription. Publisher reserves the right to 
refuse nonqualified subscriptions. Subscriptions to Nucleonics solicited only from in- 
dividuals engaged in the design, development and use of atomic power, nuclear 
engineering and applied radiation. Position and company connection must be in- 
dicated on subscription orders. 

Subscription correspondence and changes of address should be sent to Fulfillment 
Manager, Nucleonics, 330 W. 42nd St., New York 36, N. Y. Allow one month for 
change of address, giving old as well as new address, and including postal zone 
number, if any. If possible, enclose an address label from a recent issue of the 
magazine. Please allow one month for change to become effective. 

Our primary aim is to provide subscribers with a useful and valuable publication. 
Your comments and suggestions for improvement are encouraged and will be most 
welcome. If editorial service is unsatisfactory, the publisher, upon written request, 
agrees to refund the part of the subscription price applying to the remaining unfilled 
portion of the subscription. Printed in U. S. A. Title registered in U. S. Patent 
Office. Copyright 1961 McGraw-Hill Publishing Co., all rights reserved. 











August, 1961 - NUCLEONICS 





Bibliography for Lapsley Article | 
‘ | 
Dear Sir: 
The omission of the bibliography | 
. . : ee 
from the article, “Electrostatic Precipi- 
tator Detects Fuel Failures,” by A. C. 
Lapsley (NUCLEONICS, May 1961) has 
unfortunately given a somewhat pro- | 
vincial aspect to the article. We would 
be very appreciative if you would pub- 
lish the following references. 
W. R. Kritz. An automatic gas chromatograph | 
for monitoring of reactor fuel failures Part 1; De- | 
sign, DP-356 (April 1959) | 
R. Livingston, H. A. Levy. Monitor for fission 
gases, U. S. Patent No. 2,576,616 (Nov 27, 1951) | 
E. Long, J. M. Laithwaite, K. W. Cunningham, 
Brit. Nuclear Energy Conf. 2, 197 (1957) 
P. R. Tunnicliffe, A. C. Whittier. Detection of | 
gaseous fission products in water—a method of | 
monitoring fuel sheathing failures. RDP-51 
(April 16, 1953) 
K. Kandiah, Proc. Inst. Elec. Engrs. 101, Part II, 
239 (1954 
M. H. Goosey, nucLeonics 17, No. 9, 104 (1959) 


—J. W. Hitt 
E. I. du Pont de Nemours & Co 
Aiken, S. C. 


Errors in Drag Coefficients 


A. N. de Stordeur of BelgoNucleaire | 
S.A., Brussels, Belgium has pointed | 
out to us that several errors were pub- 
lished in his article, ‘Drag Coefficients | 
for Fuel-Element Spacers,” in the June 
1961 issue of NucLEONICS. The cor- 


rect versions are: 
Should read 
p. 76, col. 3, line 17 10~® ft?/sec. 
line 23 associated with 
peripheral pins = | 
42 (40 | 
-tral flow cell with- 
: 4A. | 
out wires = = 
niQe. or Qr = 
+ n,K,)Q. 
123.226 
niA.’ which yields 
Ay = (n2 + mK2) | 
DeQ. 
vA! 
S = r(d + d,)d, 
L 
h 


Re ag = 


x 
DeQT 


p. 78, col. 3, line Rer = 
vAr 


line 13 10 Als and Rer| 
Qt 
= 1.538 X 10°Qr! 
d(APs) _ d(APx)| 
AP; APr 
d(AP,) | 
AP 
AP, 
AP 


d(APr) _ y4 
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ANYWAY YOU LOOK AT IT-RCA Nuclear and 
Scientific Specialists offer prompt, skilled services to 
nuclear laboratories and manufacturers. 


IT’S A MATTER OF REASONING: 
Factory-trained by major equipment manufacturers, RCA’s service specialists work 
from the nationwide network of extensively equipped and stocked facilities ... to 
ensure fast, conclusive service that saves you time and money! 


AND IT'S A MATTER OF FACT: 


Plum Brook—RCA engineers supervised the installation and check-out of control room 
equipment for the nuclear reactor at the Plum Brook Reactor Facility of NASA, under 
sub-contract from Leeds and Northrup Company. 


For A PRIORI information or A POSTERIORI proof, phone WOodlawn 3-8000, Ext. 
PY 6038, or write to RCA Nuclear and Scientific Services, RCA Service Company, 
Camden 8, N. J. 


IN NEW YORK AREA, CONTACT: 
Gene Stulak, Manager 
314 Broadway 
New York 7, New York 
Cortland 7-O686 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 








Research Engineers 
and Scientists 


needed for continuing expansion in nuclear technology at 


Atomics International 


Heat Transfer and Fluid Mechanics. Theoretical and experimental heat transfer 
research, fluid mechanics, as well as hydraulics research, including hydrodynamic per- 
formance of fuel elements, and investigation of convective and boiling heat transfer 
characteristics of reactor coolants. 


Reactor Analysis. Complete nuclear, thermal and structural analysis including critical- 
ity, flux and power distributions and fuel cycle analysis. 


Systems Analysis. Analysis and simulation of complete nuclear power plants to develop 
reliable unattended, completely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability analysis. 


Hazards Analysis. System safety and hazards studies on compact nuclear power 
systems for space applications. Background in radiation shielding and radiological 
hazards evaluation desired. 


Control Analysis. Dynamic control and simulation studies to establish stability and 
control specifications for compact nuclear power plants being developed for space 
applications. Familiarity with latest analog and digital techniques required. 
Metallurgy. Several years experience in the application and usage of high temperature 
radiation resistant materials, including the joining of these materials. For application 
to development of advanced light weight control systems, pumps, thermoelectric gen- 
erators, etc. 

Space Environmental Testing. Component development and space environmental test- 
ing of nuclear power plant components including high vacuum, vibration, shock, ther- 
mal and orientation testing. 

Radiation Effects. Analysis of radiation effects on organic and solid electronic mate- 
rials, including experimental determination of physical and thermal properties of 
organic fluids at elevated temperatures. 

Process Instrumentation Engineers. Thorough knowledge of process instrumentation 
and control systems. Background should include experience in chemical process plant, 
refinery, power plant or reactor instrumentation. 


For specific details write: Mr. C.H. Newton, Personnel Office, 
Atomics International, 8900 DeSoto Avenue, Canoga Park, Calif. 


All qualified applicants will receive consideration for employment without regard to race, creed, color, or national origin. 


ATOMICS INTERNATIONAL 


Division of North American Aviation et 
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UNIQUE... 


simple and versatile underwater manipulation 


Central Research Laboratories’ 
model B 
canal manipulator 





If your operation has required grappling and 
fishing at the bottom of a canal or pool, Central 
Research Laboratories’ Model B Canal Manipu- 
lator may be the new tool for you. Master-Slave 
Manipulator type ambidextrous handle, wrist 
joints, and tongs are coupled by alloy tapes pass- 
ing through a cross-over housing and long vertical 
tube. This makes possible dexterous underwater 
manipulation. All submerged components are 
stainless steel for maximum corrosion resistance. 


Wrist Joint and Tong Motions 


The wide range of wrist-joint and tong motions 
insures deft and adroit handling of large and 
small objects. Squeeze motion is 3!%4 inches with 
an elevation rotation of 168° going from 38° back 
of vertical to 40° above horizontal. Twist rotation 
is 360° minimum at ends of elevation range, 720 
when the tong is pointed 45° downward. 

Azimuth rotation and X, Y, and Z translations 
are provided by gross movement of the vertical 
support tube. A constant force spring suspension 
supports the manipulator in the canal or pool. 

For further versatility, the Model B Canal 
Manipulator may be equipped with standard or 
special purpose interchangeable tongs of either 
the RCD-447-100 or SRL-IIA type. Vertical 
tubes of desired length are available to meet 








most requirements. 


CENTRAL RESEARCH... 
MANIPULATORS FOR EVERY NEED 
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r information on Central 
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design problems, "ite: H : 
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Red Wing, Minnesota Dept. 111 
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Rough-machined ring and forged ring being sawed at our V ; 
Three-ring rotor, showing rectangular holes through ring wall, with end plates and tubular spindle assembled into a unit ready to ship. 


How to bring a missile back 
through temperatures to 8,500°F 


You can broil a steak at 350° F. Pure iron melts at 2795°F 
Most meteorites burn up when they enter the earth's 
dense atmosphere. Today, man is firing missiles to mete 
oric altitudes—but the problems of tolerating the extreme 
temperatures of re-entry have been the greatest challenge 
to his ingenuity. 

One of the major obstacles to simulating re-entry con 
ditions was how to produce for realistic time durations 
pure air in large volumes at meaningful temperatures, 
pressures and velocities. This problem is being solved 
with the Wave Superheater—an innovation in hypersonic 
wind tunnels. Temperatures to 8500°F, pressures to 200 
atmospheres and velocities up to Mach 15 can be attained 
with this facility. Cornell Aeronautical Laboratory has 
devised this equipment to test full-scale missile compo 
nents in the laboratory. 

The wave superheater is essentially a blow down system 
using a rotor with 288 tubes (passages) drilled into its 
periphery. The shock tubes are charged with air; then a 
driver gas (helium) at a pressure of 1500 psi is released 
through one end of each tube, successively superheating 
by shock waves the air which is then collected and ex- 
panded into the wind tunnel. The rotor operates at a 
maximum temperature of 800°F; each tube is momen 
tarily cooled as it rotates, to be ready for the next charge 
Rotor Ring Forgings. The heart of the superheater is the 
rotor made from three USS Stainless W forgings. The 
rough-machined rings are each 63” OD, 54” ID, 2314” 
long and weigh 6,000 pounds each. USS Stainless W was 
chosen for this demanding application because of its pre- 
cipitation hardening characteristics, and its ability to 


retain the required high strength at the operating 
temperature. 

The three rings were obtained from a 59” diameter 
ingot, which was cogged, sheared, upset-forged, punched 
and finally mandrel-forged under our 10,000-ton press. 
After rough machining and completing the inspections 
called for, the rings were shipped to 20th Century Ma- 
chine Tool Company, Utica, Michigan, who drilled and 
broached the holes seen in the assembled view of the 
three-ring rotor. With an assist by Hoover Tool & Die 
Company, Warren, Michigan, the final machining and 
assembly was completed in 10 months. 

No matter what kind or size of USS Quality Forgings 
you need, you get the advantages of the finest steel, the 
most modern equipment and the most skilled forging men 
in the world. Address inquiries to United States Steel, 
525 William Penn Place, Pittsburgh 30, Pennsylvania. A 
copy of our booklet “USS Nuclear Forgings’ may be 
secured by writing to the same address. USS isa registered 
trademark. 

United States Steel Corporation » Columbia-Geneva Steel 
Division - Tennessee Coal and Iron Division + United 
States Steel Export Company 


United States Steel 


TRADE MARE 














Building a Beehive of Nuclear Activity... . 


Curtiss-Wright BeO Components Shape and Strengthen 
Core of Tory II-Al Nuclear Ramjet Reactor 


An assembly of beryllium oxide ceramic 
links is shown above in the actual con- 
figuration of the Tory H-A1 experimental 
reactor. Individual links which make up 
the honeycomb are shown in the fore- 
ground, The fuel elements, containing BeO 
and Uranium, are hexagonal ceramic tubes 
nested together and held in position by the 
structural links. 


12 


In the core of the Tory II-Al nuclear ramjet reactor, com- 
plex beryllium oxide ceramic links, fabricated in quantity 
by the Research Division of Curtiss-Wright Corporation, 
help provide structural shape and strength at the stringent 
thermal conditions present within the structure of the core. 

Curtiss-Wright manufactured beryllium oxide shapes are 
components of the reactor and act as in-core moderator in 
the power tests being conducted with the Tory II-Al. The 
reactor is being developed as part of the AEC’s Pluto Pro- 
gram to demonstrate the feasibility of using nuclear energy 


as a heat source for ramjet propulsion. The Research Divi- 
sion has also developed processes for fabricating ceramic 
fuel elements for this type of reactor. 

One of the nation’s leading producers of high purity be- 
ryllium oxide components — for reflectors, moderators, fuel 
elements and other applications —the Research Division 
has facilities for fabricating massive blocks, cylinders, thin 
wall tubes and other complex shapes. Based on experience 
— consult Curtiss-Wright on your beryllium oxide require- 
ments. 


RESEARCH DIVISION 


CURTISS-WRIGHT 


CORPORATION 
QUEHANNA, PENNSYLVANIA 
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FIRST 
WITH TWISTED FINS 
BERYLLIUM TUBES 


A MILESTONE IN BERYLLIUM Mi 
TECHNOLOGY Y ff 


PECHINEY aims at supplying the Nuclear industry 
with the very best products. 

Graphite, beryllium, beryllium oxide, niobium, zirco- 
nium, thorium, key materials in the nuclear field 
gre available pure, alloyed, machined. 


Apply for literature. 


PECHINEY 


Division “Applications Atomiques et métaux spéciaux”. 
23, rue Balzac - PARIS 8° - CARNOT 54-72 
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cusiom 
Instrumentation 





controls one-megawatt ‘‘swimming pool’’ reactor 


The Honeywell control system for the University of 
Virginia’s ‘“‘“swimming pool” reactor combines wide 
operating flexibility with safe, sure reactor control. 
The system is custom designed to handle all operating 
functions of the reactor, and to provide thorough 
grounding for student engineers in basic nuclear 
instrumentation. 


Rated at one-megawatt, the reactor ranks as one of 
the most powerful university nuclear facilities in the 
nation. The reactor core has twenty fuel elements, 
each with twelve fuel plates made of uranium alumi- 
num alloy. Total fuel charge amounts to about three 
kilograms uranium, enriched in U-235 isotope. 


The reactor is currently used to train graduate 
students in practical nuclear engineering. Student 
engineers “learn by doing”’ under the watchful eye of 


qualified instructors and skilled technicians. Equally 
important, the reactor serves as a research facility 
for the Departments of Biology, Chemistry and 
Physics, and Schools of Engineering and Medicine. 


This custom-built control system is merely one 
example of Honeywell’s experience in nuclear instru- 
mentation. From the design and manufacture of 
components . . . to building complete reactor control 
systems . . . to installation, startup, and service, 
Honeywell can help you achieve efficient, economical 
and reliable control of your nuclear project. Your 
nearby Honeywell field engineer will be glad to dis- 
cuss your nuclear instrumentation requirements. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. In Canada, Honeywell 
Controls, Ltd., Toronto 17, Ontario. 


Honeywell 
(H) Fit in Couto 


Siwce tees 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 


The Honeywell control console is located on a mobile 
bridge which spans the width of the pool. The bridge 
can be moved to position the core at any point along 
the length of the pool. Console instrumentation in- 
cludes Honeywell ElectroniK 15 recorders (log count 
rate, linear power, log , nuclear amplifiers, power 
set control unit, rod position indicators, and reactor 
scram annunciator. 


The center of the contro! bridge functions as the nu- 
clear work area. Supported from this point are the 
core, the control rod drive mechanisms, safety rod 
magnet assemblies, and neutron counters. Instructors 
and skilled technicians supervise and assist graduate 
students in setting up and performing reactor experi- 
ments. In this way, student engineers learn practical 
nuclear physics and reactor technology. 





Nuclear-Chicago's new family of liquid scintillation counters — 


Just months old and already meeting 
the critical demands of exacting research 


is 


Although introduced and well received just last April, 
Nuclear-Chicago’s new family of liquid scintillation counters 
is already hard at work. At varying levels of work load and 
within widely differing budgets, these three systems are 
setting new standards of precision, sensitivity and conven- 
ience for demanding scientists. 


Research programs expand and equipment needs are 
upgraded. These new counting systems — compatible with 
your present, standard scaling instruments—easily accom- 
modate to such growth. 


Model 701 is a modestly priced, basic system for manual, 
room-temperature counting of limited numbers of samples. 
Uniquely sensitive detector assembly and advanced, trans- 
istorized circuitry provide high counting efficiency for 
carbon-14, tritium, and other soft-beta emitting isotopes. 
Model 702 adds a precision-controlied low-temperature 
chamber for increased tritium-counting efficiency. The 
third member of the family, Model 703, provides fully auto- 
matic sample handling and varied options of readout. 


Field conversion to upgrade Models 701 and 702 as work 
load and budget permit requires only the addition, first, of 
the custom-built, compact cooling chamber, and then, of 
the automatic sample changer mechanism. 


Model 701 Model 702 Model 703 


Model 701— manual operation, shown with 8250 scaler 


Model 702— manual, temperature-controlled operation, shown wit/ 
8250 scaler and 8600 timer 


Mode! 703—automatic, temperature-controlled operation, shown with 
two 8250 scalers, 8600 timer and 8401 digital recorder 


Please request literature on these integrated systems. 





nuclear-chicago 
CORPORATION 

” —EEE _—— ee 
345 EAST HOWARD AVENUE DES PLAINES, ILLINOIS 
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Yankee Atomic Electric Co., Rowe, Massachusetts 
Engineers jointly responsible: Stone & Webster Engineering Corporation 
Westinghouse Electric Corporation 


lectric chooses JOY Compressors 
for New England’s first Nuclear Power Plant 


Compressed air requirements at the Yankee Atomic Electric plant are not large but vitally impor- 
tant. Reliability of all machinery is a must, once the reactor goes critical. Two Joy WGO-9 vertical 
compressors supply oil-free air for instruments and controls. Each machine produces 172 cfm at 
100 psi and is V-belt driven by a 25 horsepower motor. Carbon graphite piston rings completely 
eliminate lubricating oil in the cylinders. The compact vertical design requires less than seven 
square feet of floor space for each installation. 

General service air is supplied by a 100 hp Joy WG-9H compressor producing 769 cfm at 100 psi. 
This machine has the same space-saving vertical design in sizes up to 150 hp. 

Joy compressors are chosen for many of the country’s finest installations . . . there is a size and 
type for you, reciprocating, centrifugal or axial. For information, write for bulletin 1685-92 


. AIR MOVING EQUIPMENT FOR ALL INDUSTRY J OY 
ce 





Joy Manufacturing Company 


1 5) Sas & (©) Oliver Building, Pittsburgh 22, Pa. 


In Canada: Joy Manufacturing Company 
Dust Collectors Fans and : 
Reciprocating & Dynamic Compressors Blowers (Canada) Limited, Galt, Ontario 
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~. Rockwell-Edward Nuclear 


Shippingport, Pennsylvania, 1961: After more than three years of operation, 
it is possible to report in depth on the manufacture and performance of 
Rockwell-Edward high-pressure steel valves built for Shippingport, pioneer 
nuclear power generating station. This report deals with two areas: 


1. How Rockwell-Edward quality contro! met rigid Shippingport requirements. 
2. How relatively standard design Edward valves have performed in Shippingport 
nuclear service since startup in 1957. 


Quality Control 


Quality control of the highest 
order in building steel nuclear 
valves for the Duquesne Light 
Company-operated Shippingport 
Station brought the valve maker’s 
art to new heights. These valves, 
for the primary coolant system in 
the first full-scale nuclear power 
generating station, were fur- 
nished by Edward Valves in 1- 
inch to 18-inch sizes. Since no 
valves had ever been called upon 
to perform in such service before 
and since slightest valve failure 
could have consequences far more 
serious than any possible before, 
Edward was called upon to apply 
every conceivable technique of 
quality control known. 


From the very beginning, 
physical and chemical analysis 
of all component materials was 
made on every lot and every 
heat. Statistical lot testing was 
not adequate. 


Testing and Measurement 


Normal valve making requires 
only that certain diameters and 
angles be watched to critical tol- 
erances. But for the Shipping- 
port valves, every dimension that 
could be measured was measured 
and checked to tolerances of 
thousandths of an inch. All forged 
steel valve bodies were ultra- 
sonically tested to pick out body 
flaws that could lead to leaks or 
stress concentrations. Ultrasonic 
testing isnot ordinarily warranted 
for valves as small as 1-inch size. 


After Stellite inlays were laid and 
machined for seating surfaces, 
dye penetrants were used to de- 
tect porosity, surface flaws, holes 
and crevices. 


All internal surfaces were inspected 
with a Boroscope. Roughness was held 
to 30 microinches. 


Precision and Cleanliness 


Though lapping is usually re- 
served for valves destined for gas 
service, the Shippingport valve 
seats were hand lapped to a max- 
imum roughness of 16 to 30 mi- 
croinches, rms. All internal sur- 
faces exposed to fluid were pol- 
ished to 125 microinches, rms. 
Such fine internal finishing is 
very difficult on small valves, 
but had to be done. All internal 
surfaces were inspected with 
Boroscopes. 

All cleaning and degreasing as 
well as final assembly were done 
in the “clean room”. All per- 


sonnel wore lint-free coveralls. 
No smoking was permitted. 


Final Tests 


Two-hour hydrostatic tests, 
back seat tests, and packing tests 
were done in the “clean room,” 
also. After tests, the completed 
valves were again oven dried in 
nitrogen and inspected with a 
Boroscope for cleanliness, por- 
osity and surface finish. These 
inspections were made by 
Edward and representatives of 
Westinghouse Electric Corp. and 
the United States Navy. Valves 
were sealed in polyethylene bags 
and then removed from the 
‘clean room” for packing accord- 
ing to military standards. 

Experience with rigid quality 
control conditions such as these 
is hardly routine. But it illus- 
trates what a valve maker can 
do with his standard line. 


Performance Record 


Not a single complaint has 
been received on any of the more 
than 100 Edward one-inch and 
two-inch forged steel globe stop 
valves used in the high-pressure 
primary reactor system, or on 
the four 18-inch tilting disk check 
valves used in the primary cool- 
ant pump discharge lines. 

A few of the globe stop valves 
have required routine seat main- 
tenance, but no more than would 
be expected. Leakage through 
the packing of the globe stop 
valves has been consistently 
within expected limits... that 
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Valve Report: 


is, So minute as to be of no conse- 
quence. In fact, although many 
of the Edward globe stop valves 
were furnished with weldable 
caps as a precaution against 
packing leakage, the caps have 
been welded into place only on 
those valves in relatively inac- 
cessible areas near the reactor. 


Forged steel valves for Shippingport—and 
for the Westinghouse Belgian reactor and 
other nuclear projects—were individually 
sealed in plastic bags. 





In furnishing high-pressure 
steel valves for virtually every 
U.S. nuclear power plant built to 
date, Edward has demonstrated 
that excellence of design and 
manufacture is the important in- 
gredient in nuclear power valv- 
ing, just as it has been in con- 
ventional power valving for more 
than fifty years. They have 
proved that there are important 
differences in various steel valve 
lines... and that Edward cus- 
tomers get the benefit of these 
differences. 

Edward builds a complete line 
of forged and cast steel valves 
from 4" to 24” for power, indus- 
trial, marine, and petroleum serv- 
ices. For more information, con- 
tact your Edward Representa- 
tive, or write Edward Valves, 


Big Cast Steel Valves, Too 


The development of suitable 
check valves for pump discharge 
service in primary coolant loops 
of large pressurized water reac- 
tors has been substantially ad- 
vanced by exhaustive flow test- 
ing begun in the Edward research 
laboratories in the 1940’s. 


Equipped with a flow test loop 
circulating up to 2,000,000 lb/hr 
of water and capable of flow re- 
versal in a fraction of a second, 
Edward research engineers have 


-been able to simulate actual serv- 


ice conditions and develop check 
valve designs with superior open- 


Large 18-inch cast steel stainless steel check valves for Shippingport (left) received 
same meticulous attention as small forged valves ... and have functioned with equal 
dependability since going into service in late 1957. 


Other large Rockwell-Edward stainless steel valves were built for primary coolant 
systems of Babcock & Wilcox N.S. Savannah (center) and Indian Point (right) reactors. 
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Inc., 1290 West 145th Street, 
East Chicago, Indiana. Subsidi- 
ary of Rockwell Manufacturing 
Company. Represented in Cana- 
da by Lytle Engineering Special- 
ties, Ltd., 438 St. Peter Street, 
Montreal. 


This valve is typical of smaller capped 
forged steel stop valves furnished for 
Shippingport. Cap has been screwed 
into position on bonnet but has not 
been seal-welded. 


ing and flowing characteristics 
together with the best possible 
non-slam features upon flow re- 
versal. Full size prototypes of 
Shippingport, N. S. Savannah, 
Enrico Fermi, and Indian Point 
primary loop check valves were 
tested with this equipment. 
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Generators for NPR Voted Down by House, Up by Senate 


In 1956, the Democratic majority of the Joint Committee on Atomic 
Energy began a relentless agitation for construction of a dual-purpose 
reactor complex combining military and nonmilitary exploitation of the 
neutron—to produce both plutonium, for weapons use, and electricity. 


For a period of five days last 
month, it looked like their long 
march toward this goal had been am- 
bushed, primarily on the equally re- 
lentless intervention of a young Re- 
publican Congressman from California, 
Rep. Craig Hosmer. 

On July 18, however, a 54-36 vote 
of the Senate restored a $95-million 
authorization—for electrical generators 
at Hanford’s New Production Reactor 

to the AEC’s construction-authoriza- 
tion program for the current fiscal 
year. And, in so doing, the Senate 
virtually assured, beginning in 1964, 
the production of as much as 750-Mw 
of electricity by NPR—thereby put- 
ting AEC alongside the Tennessee 
Valley Authority as a federal producer 
of electricity. 

In a House debate reminiscent of 
the Gore-Holifield fight in the summer 
of 1956 (NU, Aug. ’56, R1), Hosmer 
emerged as a forceful and eloquent 
member of the JCAE cabnatieg, Teal 
ing a coalition of Republicans, southern 
Democrats and Democrats represent- 
ing coal-producing areas to a 176- 
140-vote victory over the proponents 
of NPR electricity. The vote with- 
holding authorization for the NRP 
generators had climaxed a campaign 
which Hosmer had initiated and main- 
tained on his own, until a few weeks 
before the House voted the generators 
down. 

Late in July, there was still a slight 
chance that the Hosmer forces—in- 
cluding JCAE members James Van 
Zandt (R-Penna.) and William H. 
Bates (R-Mass.)—could block author- 
ization of the NPR generators. How- 
ever, they were all but conceding de- 
feat after the Senate vote of July 18. 
From the Senate, the AEC authoriza- 
tion bill was to go to a “conference 
committee” representing both Houses. 
The committee, with a Democratic 
majority, was expected to adopt the 
Senate version of the bill, with the $95- 
million NPR authorization retained. 

Then, the conference action had to 
go back to each house for a final vote 
—with the NPR authorization as part 
of the entire AEC construction pro- 
gram of $350-million. Thus, the 
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House will vote only on the entire 
program and NPR cannot be singled 
out; this was considered a substantial 
liability for those against NPR's gen- 
erators. 


House Debate 

Hosmer, who had been the first to 
speak out against the Administration- 
supported conversion of NPR, had be- 
gun his campaign in April with a 
nena to nuclear leaders for 

eir views on generating capacity for 
NPR (NU Wk, 18 May ‘61, 6); most, 
Hosmer reported, were against. At 
that time, his “voice in the wilderness” 
was generally expected to go un- 
heeded, evo: mw in view of the 
support for NPR conversion from 
President Kennedy, AEC and the In- 
terior dept. At the same time, there 
was very little active opposition from 
the private-utility or other industries 
which might have been expected to 
make their influence felt. 

By the time of JCAE’s vote on the 
authorization bill, opposition within 
the Committee had crystallized and a 
minority report was appended to the 
majority report, outspokenly opposing 
AEC’s getting into the power-produc- 
tion business. 

However, it was the eloquence of 
Hosmer, with the help of Bates and 


Rep. Hosmer Almost Blocks NPR Power 


Van Zandt, that crystallized the sur- 
prising majority opposition in the 
House itself. His principal argument 
was this: that federal power-produc- 
tion capability should Ss conned to 
TVA and that NPR could open the 
door to unlimited expansion of federal 
power. Ironically, President Kennedy 
—only a few days before the House 
debate—had invited TVA to “go for- 
ward” by cooperating with AEC on 
the development of economic nuclear 
power. 

“This 800,000 kilowatts of power,” 
Hosmer told the House, “is a large, 
large bloc of power. It is in addition 
to some two million additional kilo- 
watts that will be available in the 
Pacific Northwest on and after 1966 
from Libby Dam and as a consequence 
of the new treaty with Canada. 

“Now, that will provide power far 
in excess of that which can be used 
in that area. Therefore, it will spawn 
a demand and provide argument for 
a power intertie to southern California 
to connect up the whole Pacific Coast. 
Already there is a demand for a giant 
transmission system, to be financed, 
built and owned by the government in 
connection with the vast upper Colo- 
rado River hydropower development 
and which would be intertied with 
Hoover Dam, California and Bonne- 
ville power. In time all this would 
be connected to the Missouri valley, 
and all of the other public-power 
areas, by interties. . . . 

“If you think this is not a precedent 
and not the forerunner of many, many 
more such projects which will make 
this first $95-million look like peanuts, 
recollect that only last Tuesday [July 
11], in commenting on the TVA, the 
President of the United States told 
the TVA directors this: ‘I want to see 
TVA go forward, not rest on its laurels.’ 
He then suggested experiments in 
conjunction with the AEC to develop 
cheaper power from atomic energy 
[TVA is already cooperating with AEC 
on the Experimental Gas-cooled reac- 
tor, which TVA will operate]. 

“So you see you have the whole 
TVA getting into this thing and no 
end of spending from the public till.” 


Senate Debate 

Sen. Bourke Hickenlooper (R-Iowa) 
led the unsuccessful opposition in the 
Senate. The brunt of his argument 
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was that the 1954 Atomic Energy Act 
did not permit AEC to enter the 
power business, and that the NPR 
proposal was thus illegal. 

However, the Democrats had vir- 
tually assured a substantial Senate 
majority for NPR by working out an 
amendment to the AEC bill authoriz- 
ing $5-million in nuclear studies on 
coal, thus making the NPR item more 
palatable to coal-state congressmen. 
The money would permit studies and 
design work on coal gasification, 
radiation effects, etc. 

The primary Democratic argument 
in both houses was that it would be a 
waste of a valuable resource to dump 
NPR’s heat. 


Other AEC Construction 


AEC’s fiscal-1962 construction pro- 
gram also includes a start on the 
$114-billion Stanford linear accelerator 
(15-Bev), for completion in 1964, and 
an ‘assortment of new and expanded 
facilities not so expensive. e au- 
thorization also provides $7-million in 
new funds for research-development 
support of unsolicited power-reactor 
proposals from the utility industry and 
$5-million for waiver of use charge 
on enriched-uranium fuel leased from 
AEC. JCAE’s report on the authori- 
zation bill also contained a meaning- 
ful comment on acceleration of nu- 
clear power: 


“Following action on the current au- 
thorization legislation, the Joint Com- 
mittee intends to consider what fur- 
ther measures are required to acceler- 
ate the atomic power program. It is 
hoped that arrangement can be made 
with AEC for mutual consultation in 
the manner followed in the initial 
phases of the Joint Committee staff 
study on the atomic power program 
in 1958.” 

JCAE staff officials said they ex- 
pected to consider acceleration possi- 
bilities during the Congressional recess, 
with the help of consultants still to be 
selected. JCAE Chairman Holifield 
has said he would like to see AEC 
build some reactor prototypes. 


PG&E Orders Big Reactor; Southern Cal. Edison Advances 


Will Pacific Gas & Electric’s 325-Mwe Bodega Bay plant be the world’s 
first power reactor to break the economic barrier? This question had 


the nuclear industry 


buzzing last month after PG&E announced that 


after 16 months’ deliberation it had decided to proceed with construction 


of the biggest boiling-water re- 
actor yet scheduled—and in its 
announcement gave out some glitter- 
ing cost figures: 5.62 mills/kwh, 
$181/kw installed. 

In the background, some lesser 
advances were chalked up by the 
Southern California Edison 360-Mwe 
project—born at the same time as 
PG&E, off to an earlier start in terms 
of utility decision to build, but hob- 
bled since by site-availability prob- 
lems. AEC and Westinghouse, de- 
signer of the big Edison reactor, were 
close to final a ent on contract 
terms, under which 4 AEC would pro- 
vide $8.7-million research-develop- 
ment aid—plus $7.5-million in waiver 
of fuel use-charge. (Edison’s agreed 
price with Westinghouse for the re- 
actor is $78-million.) Also, an ap- 
proach was being worked out to over- 
come Marine Corps opposition to use 
of land within the Corps’s Camp 
Pendleton: under it, Edison, backed 
by AEC; would seek special legisla- 
tion to make the land available—as a 
means of discouraging other com- 
mercial nibbling away at the Marines’ 
reservation; C would also seek 
Pentagon endorsement before going 
to Congress. 


The Story Is in the Economics 

The story of the Bodega Bay re- 
actor is not only that this is—with 
Southern California Edison—one of 
the two biggest U. S. reactors an- 
nounced so far, and one of the only 
two new reactor starts to be announced 
by a U. S. utility since June 1959 
(Consumers Power Co.'s Big Rock 
Point, Mich., like Bodega — also by 
General Electric). The lega Bay 
story is in the plant economics: if cal- 
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Bodega: 50 mi north of San Francisco 


culations are borne out in practice, 
this will be the cheapest nuclear 
power yet. Estimates are for gross 
energy generated at the bus-bar with 
the first core to cost 5.62 mills/kwh, 
with the second core, 5.32 mills. This 
compares with conventional steam- 
plant power costs at the same site of 
5.77 mills/kwh with oil at $2.25 per 
barrel (the present cost), and 6.82 
mills with $3/bbl oil—a price PG&E 
fears is possible by the time the 
second core would be installed. 
Total plant cost is set at $63.8- 
million: $58.8-million for the reactor 
plant construction, $2.2-million for 
voltage step-up, transformers and 
switching station, and $2.8-million for 
a transmission line to the PG&E grid 
at Ignacio, Calif.: total, $63.8-million. 
Fabrication of the first core, by GE 
will cost an additional $8.4-million. 
No costs are to be allocated to re- 
search-development, and PG&E’s plant 
construction costs of $58.8-million are 
described as a straight commercial 
quotation with no contribution by GE, 
the manufacturer. PG&E is not even 


accepting waiver by AEC of fuel use- 
charges. “As with all our atomic proj- 
ects, said PG&E President Norman 
R. Sutherland, “we will build Bodega 
Bay with our own money. There will 
be no government subsidy or financial 
contribution from any other source.” 


PG&E's Secret 

How can PG&E claim to achieve 
the goal—competitive nuclear power 
—that has eluded so many others? 
The big utility’s own answer is that 
it’s primarily because costs are based 
on 90% plant factor utilization. “There 
are not many people with a system 
on which they can run a plant at 90% 
capacity factor,” one PG&E spokes- 
man says. “Utilities back East that 
can operate only at about 65% capacity 
factor seem to have difficulty in grasp- 
ing this basic difference in the nature 
of the systems. 

“We can and do run our steam 
plants at 90% capacity factor, and will 
run the Humboldt Bay reactor at 90%, 
and Bodega Bay too. When you 
have a system area of 100,000 square 
miles, where even the time the sun 
comes up: makes a difference in your 
load, then the unit cost of energy gets 
pretty low. This is one of the big 
things we've had going for us in atomic 
energy; it’s just an accident of 
geography. 

“Also, pressure suppression is sav- 
ing us money. 

“We really feel this is the milestone 
plant. The next one—whether in two 
years, three, or five—will be ho-hum. 
This is the last time anyone will be 
interested in our plans; the next time 
the world will pay no more attention 
than when we add another oil-fired 
unit to a conventional station.” 

Asked for a breakdown showing 
how the 5.62-mill/kwh figure was ar- 
rived at, PG&E said, “nothing doing.” 
“We won't try to tell how the plant 
will operate four years before it's 
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completed, and we won't do our engi- 
neering in public,” a spokesman said. 
Despite reported skepticism over 
PG&E's Bodega cost figures, he went 
on, the utility's engineers have done 
enough preliminary work to indicate 
that it would be worthwhile to bet 
more than $60-million on success of 
the plant. 

It was emphasized that detailed 
engineeri ng has not yet been com- 
pleted, and that the public announce- 
ment merely punctuated the continuing 
planning work on the project. It was 
also pointed out that the 5.62 figure 
is “just an estimate” and may very 
well not hold up. AEC estimated in 
mid-July that 6.76 mills was a more 
realistic figure; but AEC used an 80% 
plant factor and a $61-million figure 
for total reactor cost. 


The Bodega Bay Reactor 

The reactor GE has designed for 
PG&E will be a forced-circulation, 
direct-cycle boiling water unit with 
internal steam separation. It will use 
a core of 75 tons of uranium, 2%% 
enriched, in the form of uranium 
oxide pellets in stainless-steel rods, as- 
sembled in 592 fuel elements. Esti- 
mated in-core fuel life is 3% years. 
Pressure-suppression containment will 


be used again, as pioneered in PG&E's 
Humboldt Bay reactor: the Bodega 
Bay unit will be enclosed below-grade 
in a concrete-and-steel structure 120 
=. dia, 100 ft deep. The reactor will 
supply saturated steam at 1000 psi, 
544°F to the tandem compound single- 
shaft turbine generator. Output will 
be 325 Mwe gross, 313 net. 

GE said Bodega Bay would be 
“simpler, more compact, more eco- 
nomical and more flexible than pre- 
vious reactor designs.” 

Plans are to start construction by 
August 1962, if all necessary permits 
are obtained on schedule; this would 
permit completion late in 1965. PG&E 
will apply to AEC and the California 
Public Utilities Commission for per- 
mission to build the plant “as soon as 
circumstances permit,” Norman R. 
Sutherland, president, said. PG&E 
will function as its own engineer-con- 
structor, as it is doing on Humboldt 
Bay. (Originally GE made its pro- 
posal in collaboration with the Bech- 
tel Corp. as architect-engineer. ) 


The Bodega Bay Site 

The plant site, 50 mi north of San 
Francisco on the southern third of the 
Bodega Head peninsula in Bodega 
Bay, is a 225-acre tract (PG&E already 


owns some 160 acres, is negotiating 
to buy the rest) which the utility will 
call Bodega Bay Atomic Park. PG&E 
has discussed the site with the Ad- 
visory Committee on Reactor Safe- 
guards—and, it may be assumed, in 
terms of an eventual site for a mul- 
tiple-reactor station. Bodega will take 
a total of at least five units of this size. 

Sutherland referred to PG&E’s in- 
tent to build more reactors when he 
said, “PG&E’s atomic power develop- 
ment program, begun in 1951, always 
has had large, economic plants as its 
prime objective. The atom will 
achieve its important role in energy 
production when it produces electric- 
ity to serve a large and diversified 
power market as economically and as 
reliably as available conventional fuels. 

“We are convinced that atomic 
energy can do this at Bodega Bay, 
taking its place as an economic source 
of energy alongside natural gas, oil, 
falling water and geothermal steam 
to serve central and northern Cali- 
fornia.” 

Only six weeks earlier, PG&E Chief 
Engineer C. C. Whelchel had told the 
Pacific Coast Electrical Assn. that in 
his private opinion PG&E would in- 
stall its last conventional fossil-fuel 
steam plant in the late 1960's. 
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UPON THE NAMING OF A DEPUTY to Acting Director of 
Regulation H. L. Price, plus selection of a special-projects 
chief under C. K. Beck, AEC will complete a several-months’ 
reorganization of its regulatory staff. Price, who reports 


directly to the five-man Commission, is expected to as 


a deputy of — scientific capability, emphasizing the 
technical side of safety review. No further changes in 


AEC’s regulatory posture are expected 
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INDIAN POINT: 


Core Critical in Test Cell 

The Indian Point reactor core has 
gone critical in a test cell at Babcock 
& Wilcox’s Lynchburg, Va., nuclear 
laboratories. Initial criticality tests 
confirmed all nuclear design and engi- 
neering calculations: “the results came 
out so perfectly on the nose we're 
thrilled,” a top B&W official said. In 
addition to confirming calculations, the 
Lynchburg tests are also providing ex- 
perience in core-loading procedures. 

In making its announcement, B&W 
claimed a “frst first time a full-scale 
power reactor using thorium (mixed 
Th and uranium oxides) had gone 
critical. 

The testing program on the 40-ton, 
$22-million core will continue until 
mid-August, after which the core will 
be ready for shipment to Indian Point, 
N. Y., whenever the plant, now close 
to completion, is ready for it. 

Con Edison’s target date for criti- 
cality at Indian Point is “toward the 
end of this year.” “We're hoping for 
October,” a company spokesman said. 
The utility has begun preliminary dis- 
cussions with the AEC’s Nuclear 
Facilities Safety Branch as first step in 
the procedure for obtaining an operat- 
ing license. 


RADIOCHEMISTRY: 


Breakthrough in Japan 
The first use of radiation to replace 
conventional catalysts in production of 
chemicals—a continuous solid-phase 
process of polymerization by radiation 
—was revealed last month (NU Wk, 
20 July 61). Toyo Rayon Co., a 
Japanese firm, has in pilot-plant 
production, since last January, of 
lyacetal resin, an irradiated chemical 
oo as du Pont's Delrin in the U. S. 
The chemical, intended to replace 
steel, brass, aluminum and zinc in 
industrial and commercial applications, 
is being produced at Toyo’s Shiga 
plant in central Japan through use of 
a 1.3-Mev Van de Graaff manufactured 
by Toshiba Electric Co. The plant 
has a capacity of 10 kg of resin per 
hour. Key factor in the Toyo method 
is that polymerization takes place 
under gamma radiation at tempera- 
tures of minus-100°C or lower. 
Reason for developing the new 
process, a company spokesman said, 
was to get away from dependence on 
du Pont. (Toyo has been importing 
250-300 tons/yr of Delrin from du 
Pont.) He claimed the new process 
was much simpler than du Pont’s and 
= a better product—less af- 
ed by heat, neither expands nor 
contracts, and is rigid but elastic. 
Pending Japanese-government pat- 
enting of its new radiation process, 


Toyo plans to build a polyacetal resin 
plant at Otsu, in Shiga, eg | next 
year. The company did not disclose 


the type or quantity of machines to 
be used in the production operation. 

Toyo is also experimenting with 
radiation in the production or mod- 
ification of polyethylene and poly- 
propylene (NU Wk, 6 July ‘61, 4). 


GE SALE: 


Zero-power Unit to Japan 
General Electric has sold Japan 
Atomic Energy Research Institute a 
zero-power reactor for use in provid- 
ing data for design and evaluation of 
light-water-moderated and _ -cooled 
cores. The critical assembly will use 
2.6%-enriched uranium dioxide clad in 
aluminum; the $600,000 cost includes 
fabrication by GE of the fuel. Sched- 
uled for completion in July 1962, the 
unit will be located at JAERI’s center 
at Tokai Mura. It will operate at 
powers up to 200 watts thermal. 


UKAEA: 


New Core for Dounreay 

The U. K. Atomic Energy Authority 
plans to load a new core into the 
Dounreay fast breeder by next spring, 
Sir William Cook, AEA Member for 
Reactors, said when AEA’s seventh an- 
nual report was published last month. 
The new core, Dounreay’s second, 
would consist of a cermet of Pu and U 
oxides in a stainless-steel matrix. An 
alternative arrangement being investi- 
gated, he said, was a mixture of car- 
bides in pellet form contained in a 
stainless-steel jacket. AEA hopes to 
get the 15-Mwe reactor back into 
operation by end of August following 
modifications to the coolant circuit 
(NU, April 61, 28), and to work the 
reactor up to design power in the next 
six months. Sir Roger Makins, AEA 
chairman, said the Advanced Gas- 
cooled Reactor was now only three 
months behind schedule and should go 
critical early this autumn (NU, April 
61, 28). 

The annual report contained no 
policy changes. 


EURATOM: 
3d Party Liability 

The Euratom Council of Ministers 
finally broke a logjam on third-party 
liability earlier this month, approving a 
Euratom Commission formula en 
the contribution of each member 
nation for liability payment would be 
based for the first ten years 50% on 
national income and 50% on the in- 
stalled nuclear capacity of the country’s 
non-military reactors. Thisa portion- 
ment formula had sunebnel one of 


the last real obstacles to bringing the 
third-party liability system into force. 
One minor diffi + fhe remaining is 
agreement on a definition of “military 
installation.” The convention pro- 
vides that each country would stand 
responsible to indemnify for damages 
greater than private insurance cover- 
age, up to $70-million; the Euratom 
Community would provide a further 
$50-million indemnity, thus setting up 
a maximum of $120-million indemnity 
per accident. 

As a result of this action, it is now 
ior ond that the Euratom third-party 
iability convention will be signed be- 
fore the end of this year. Even be- 
fore then, other countries of the 18- 
nation OEEC group will be invited to 
adhere to it; Austria, Denmark and 
Switzerland are seen as likely signa- 
tories. The Euratom convention will 
supplement a similar one—but one 
that establishes only $15-million lia- 
bility per accident—negotiated last 
year by OEEC and signed by 16 
OEEC countries. 


EURATOM: 


Merchant Ship Contracts 
Euratom has extended its activities 
in nuclear propulsion for merchant 
ships, with a Todien to participate 
in three research-development projects, 
to a total tune of $6-million. An- 
nounced previously were Germany's 
ere reactor propelled 
bulk-cargo ship project (NU, March 
61, 32) and Italy's pressurized-water 
tanker project (NU, May 61, 26); the 
Netherlands Reactor Center's study in 
conjunction with a number of Dutch 
industrial concerns—perhaps on a boil- 
ing-water unit—had previously been 
mentioned only as a possibility for 
Euratom assistance. The Community 
will provide $1.2-million in aid to the 
Italian, $1.9-million to the Dutch, and 
$1.8-million to the German projects, 
which are to extend over two, three, 
and five years, respectively. Euratom 
will also act as coordinator of the re- 
search work for the three projects, 
supervise a general research program 
into the technical problems involved 
in development of these ny a 
reactor types, and arrange for a com- 
prehensive technical and economic 
study by a group of leading shipping 
experts on optimum tonnage, type of 
transport, length of voyage, etc., for 
nuclear-propelled merchant ships. 


‘ENERGY DEPOT’: 


Allison Gets Contract 

Allison div., General Motors, will 
do a 6-month study for AEC on feasi- 
bility of using nuclear power in 
“energy depots” to support military 
field vehicles, on a $75,000 contract. 
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SOME TIME THIS FALL, RADIO SIGNALS like those depicted across 
the top of this page will be transmitted every three hours from an unmanned 
weather station inside the Arctic Circle in northernmost Canada. The station 
power supply is a 5-watt, 17,500-curie, strontium-90 generator charging 
batteries. With development of the weather station and the plutonium-238 
generator already feeding power to the orbiting Transit IV-A (see photo 
below), AEC and Martin Co., developers of both, have climaxed years of 
farsighted work on radionuclide power and dramatically revolutionized 
remote and outer-space power. At the weather station (Fig. 4), a tower- 
mounted wind-direction vane, wind-speedometer and thermometer (Fig. 1) 
will report to telemetering instrumentation (Fig. 3) in the underground 
chamber (a barometer is also located underground). The strontium core 
(Figs. 2, 5) sits at the bottom of the chamber charging batteries just above 
(Fig. 4). Radio transmission will range from 200—1,500 miles. 

The power device for the Navy’s Transit (tiny white object in photo) is 
the prototype of one expected to provide 10-watts-plus for at least 5 years. 


and in Orbit, Powering Transit IV-A 
Fee ey 2 
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BIGGEST HOT SHOP (left) at GE's Idaho plant can handle 
AERIAL VIEWS of GE/ANP Idaho (center) 


_ entire reactors. 


and CANEL (right) 


show vast extent of these facilities. 


(Initials in center photo explained in right-hand column, p. 27.) 


ANP Termination Leaves Vast Facilities, Big Technical Legacy 


What happens when a program that 
for 15 years had absorbed much of 
the nation’s best scientific and engi- 
neering talent, and consumed $1- 
billion, is abandoned from one week 
to the next? 

What happens to its people? What 
happens to its vast, elaborate special- 
Pp facilities—and what were 
those facilities, mostly shrouded be- 
hind military classification? What 
among them can be harnessed for 
other projects? And what of lasting 
technical value did the project con- 
tribute to nuclear technology? 


These are all questions that rise 
when one contemplates the ill-starred 
Aircraft Nuclear Propulsion program, 
certainly the most monumental effort 
in the brief history of atomic energy 
to fail to come to fruition—cut down, 
ironically, just as it was for the first 
time in clear sight of its goal. 

But on March 28 President Ken- 
nedy ordered the entire program 
terminated, for a variety of reasons— 
essentially because the nuclear plane 
lost out in the competition for budget 
dollars against other weapons systems. 

Eliminated were some 6,000 jobs in 


seven states. 3,060 worked for Gen- 
eral Electric, 2,500 for Pratt & Whit- 
ney, 250 for Convair, 150 for Oak 
Ridge National Laboratory, 50 for 
po the (NU, May ’61, 21). GE, 
harder hit, can keep only 400, has 
transferred 790 and has had to dis- 
miss 1,450. P&W, thanks to an AEC 
reactor contract (NU, July ‘61, 28), 
can keep 1,450; it has reassigned about 
600, 300 have been dismissed or re- 
signed. Staff is now down to 1,600; 
normal attrition will drop it to 1,450. 

Moneywise, P&W got $14.2-million 
of the $20-million AEC will spend 








What Did We Get for our Money? 


At NUCLEONICS’ request, Gen. Irving 
F. Branch, head of the Aircraft Nuclear 
Propulsion program until his transfer last 
month to head the Edwards AFB Flight Test 
Center, cited this list of specific accomplish- 
ments that ANP has contributed to reactor 
technology : 


REACTOR SYSTEMS. The Bulk Shielding Re- 
actor was designed and built to get data on 
large shield components for ANP; world’s first 
swimming-pool reactor, it served as model for 
dozens of pool-type reactors all over the world. 
ANP’s Circulating Fuel Reactor program at Oak 
Ridge, in 1954, established the feasibility of 
the molten salt reactor, now being pursued for 
civilian application. More recently Pratt & Whit- 
ney demonstrated component feasibility of an 
advanced 2000°F lithium-cooled reactor, prom- 
ising really compact power packages for ship, 
airplane, missile or spacecraft propulsion or 
mobile land use. GE's Heat Transfer Reactor 
Experiments made numerous advances: HTRE-1 
showed feasibility of direct-cycle nuclear pro- 
pulsion; HTRE-2 with its materials test hole 
tested fuel elements and solid moderator for 
HTRE-3, as well as advanced metallic and ce- 
ramic fuel; HTRE-3, a closer approach to flight 
configuration, was the first reactor to use a 
solid hydrogenous moderator. It demonstrated 
the ability of concentric-ring metallic fuel ele- 
ments to operate continuously at temperatures 
of ~2000°F, with exit air at 1724° from the 


Gen. Branch Answers the $1-Billion Question 


elements and 1400° from the reactor. A 5-Mwth 
spherical-geometry reactor was designed, built, 
and hung from towers at Oak Ridge for a radia- 
tion source in shielding development; because 
of its unique spherical core it has proved valua- 


ble in radiation effects work, radiobiology, etc. 
Zirconium hydride solid-moderator technology 


spawned the Triga and SNAP-2 and -8 reactor 


series. Reactor plants were reduced in weight 
for aircraft service from ~500-1000 to ~100 
tons 


FUELS. ANP pioneered work on UO, and other 
ceramic fuels. Development of homogeneous 
BeO-U0, elements was initiated and their feasi- 
bility for long-time operation in air established 
by use of yttrium oxide to stabilize the U0,. 
Work underway—vital to the civilian and mari- 
time gas-cooled reactor programs — included 
determination of the effect of helium buildup 
in BeO under high neutron flux, to permit pre- 
dicting the operating lifetime of BeO reflectors, 
and attempts to develop a UO, particle that can 
be coated by a protective material and fabri- 
cated into a fuel-element body so as to prevent 
continuous release of fission products that con- 
taminate the system. HTRE-3 tests used ele- 
ments made of metallic sandwich ribbon con- 
taining a core of UO, dispersed in 80-nickel, 
20-chrome alloy with a cladding of 80-Ni-20- 
Cr; they showed that these fuel elements have 
the potential for satisfactory operation for at 


least 300-400 hr at a maximum surface tem- 


perature of 1900°F to heat air to 1600°. Exten- 
sive testing including 18,000 hr in-pile and 
70,000 hr out-of-pile have established the capa- 
bility of tubular fuel elements containing BeO 
and UO,. For the lithium system, too, reliable 
high-power-density fuel elements were devel- 
oped and their life and integrity demonstrated 
under operating conditions in in-pile tests in 
ETR and MTR; materials included BeO-U0., UN 
and UC. Major effort was in BeO-U0., but tests 
supported use of the nitride and carbide in re- 
actors, promising smaller cores, lower weight, 
higher burnup and specific power. The metallic 
dispersion fuel element was first developed 
under the direct-cycle program; it’s been used 
in the Army package-power program, the Gas 
Cooled Reactor Experiment in Idaho, and the 
Sioux Falls nuclear superheat reactor, etc. A 
high-temperature boron-free braze, now widely 
used in reactor applications, was developed for 
use with stainless steel and nichrome. 


MATERIALS. The indirect-cycle program pro- 
duced a high-strength refractory metal—a nio- 
bium-zirconium alloy—now available for high- 
temperature engineering applications; chemi- 
cally compatible with lithium, it permits design 
of very high power-density reactors capable of 
previously unattainable temperatures. As the 
high neutron absorption cross-section of Li* pro- 
hibits use of natural lithium as coolant, a proc- 
ess was perfected for production of Li’ to 
99.99% isotopic purity in large quantities at 
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this year on continuing project work; 
$4.5-million worth will be done at 
GE, $1.2-million at Oak Ridge. In 
recent years the ANP funding level 
had been around $150-million/yr. 

GE was able to save the jobs of 70 
top men at its huge Idaho ANP plant 
when it won the AEC contract for 
decontamination and core-removal of 
the stricken SL-1, at the other end of 
the National Reactor Testing Station; 
in fact, GE was selected over rivals 
largely because it was offering to do 
the job with its top people. 

Left over from ANP is a veritable 
empire of laboratories, research re- 
actors and special testing facilities, 
scattered almost from coast to coast; a 
just-completed, never-used ceramic 
fuel-element fabrication plant; a 
brand-new hangar bigger than a foot- 
ball field and ten stories high, instru- 
mented to a fare-thee-well, for testing 
flight-configuration reactor systems; a 
hot cell bigger than a tennis court 
and four stories high in which a re- 
actor can be remotely disassembled by 
manipulators. A rough estimate of 


the cost of ANP physical facilities 
comes to about $200-million. 

Some have aready been declared 
Among them, the 10-Mwth 


surplus. 


Air Force Nuclear Engineering Test 
Reactor at Wright Field, just being 
completed, will be started up, checked 
out and put on standby; the 10-Mwth 
unshielded Radiation Effects Reactor 
at Dawsonville, i has become 
“government surplus pro .” Also 
in limbo are a tows Ghielding Re- 
actor at Oak Ridge, and Convair’s 
Nuclear Aircraft Research Facility at 
Ft. Worth with two reactors. 
But the biggest duchies in the ANP 
empire are CANEL (Connecticut Air- 
Nuclear Engine Laboratory) and 
GE’s Idaho ANP test site. CANEL, 
a $63-million plant on a 1200-acre 
tract just a of Middletown, in- 
cludes unique facilities that are the 
finest and most complete in the U. S. 
for conducting liquid-metal system 
development. They could be oe 
to space work as well as to liquid- 
metal development; for the time being 
most will be used, though not at full 
capacity, on the reactor for AEC. 
GE’s Idaho plant has four main 
facilities, spread out in the desert: the 
Assembly and Maintenance building, 
IETF (Initial Engine Test Facility), 
FETF (Flight Engine Test Facility), 
and the Low Power Test and Shield 
Test Pool Facilities complex. IETF 


is where, in January 1956, the feasi- 
bility of direct-cycle propulsion was 
first demonstrated by sustained nu- 
clear operation of a turbojet engine. 
(Since then some 25-30 J-47 engines 
have been used in tests with the 
HTRE—High Temperature Reactor 
Experiment—units.) IETF _ served 
subsequently for the tests on HTRE-1 
and -2 (metal fueled) and HTRE-3 
(ceramic); it was to be vacated by 
the GE direct cycle project early this 
year and turned over to P&W for its 
indirect-cyclereactorexperiment. GE 
was to move to FETF, completed two 
years ago but never used, for its final 
direct-cycle pre-flight devices: ACT 
(Advanced Core Test, an improved 
ceramic core) and P-140E, a flight- 
configuration reactor. The poten vg 
Maintenance area is where the afore- 
mentioned world’s biggest hot sho 
is located, also cold and warm (slightly 
radioactive) assembly bays where 
components researched, designed, fab- 
ricated and subassembled at GE’s 
Evendale, Ohio, ANP headquarters 
were assembled. Finally there are 
LPTF with its two critical assemblies 
for core development and STPF with 
its Susie pool reactor for super-precise 
shielding measurements. 





acceptable cost. The molten salt program pro- 
duced INOR-8, a nickel-molybdenum alloy in- 
creasing operating life of reactors using lithium- 
based fused salts; also high-temperature liquid- 
metal pumps, valves, seals, heat exchangers 
and instrumentation, used in development of 
the sodium graphite and liquid-metal-fueled re- 
actors and the Fermi fast breeder. Corrosion 
data on various alloys with Li, Na, NaK, Pb, Bi, 
and various fused salts have been obtained and 
used. Techniques for fabricating large compo- 
nents of beryllium were developed, as were 
reactor-grade inconel and stainless steels. Yttri- 
um, developed as an alloying material to give 
strength and oxidation resistance to stainless 
steel, is now being produced commercially; 
yttrium-stabilized zirconium crucibles, now used 
in industry, were developed. Addition of boron 
to stainless steel and other materials to pre- 
vent production of secondary gamma radiation 
was developed. Use of europium as a control 
material, and techniques for its fabrication, 
were introduced. Information on physical prop- 
erties of lithium hydride for use as a satellite 
heat sink, as well as on manipulators for remote 
assembly and disassembly, was harnessed in 
the space program. Radiation-resistant lubri- 
cant research included development of a poly- 
phenyl! ether that showed little change in prop- 
erties under radiation at 425°F for 1000 hr, 
where normal oils would congeal. Radiation 
effects on alkyl benzene, dowtherm-A, etc., were 
determined — origin of the organic-moderated 
reactor program. 


SHIELDING. The majority of free-world shield- 
ing research has been done under ANP sponsor- 
ship. Results have been used in the maritime, 
Navy, civilian power, Army package-power, and 
space reactor programs. ANP pioneered applica- 
tion of electronic computers to shielding calcu- 
lations; a large number of successful shielding 
materials have been developed, as well as the 
principles of divided and shadow shielding. 


COMPONENTS. Extensive research on radia- 
tion effects on electronic components resulted 
in development of components able to with- 
stand a radiation environment, such as a high- 
temperature pulse preamplifier for use up to 
690°F under radiation. Great improvements in 
performance and miniaturization of nuclear 
measuring devices were achieved. Moving-wire 
fission gas detectors, high-temperature ioniza- 
tion chambers and fission chambers were de- 
veloped for making nuclear measurements. High- 
temperature rhenium-tungsten thermocouples 
operating up to 3000°F in a 107° neutron/cm’ 
total flux were developed; ceramic-coated wires 
resistant to high temperatures and radiation 
were developed for thermocouple leads. De- 
velopment of electrostatic precipitator systems 
to filter effluent air from the direct-cycle 
reactor is of interest to gas-cooled reactor pro- 
grams for use in preventing contamination of 
the system. The first large-scale hot-shop for 
remote work on entire reactors (photo, top left) 
was designed and built. 


REACTOR THEORY. Experience in reactor con- 
trols was used in developing the control system 
for the Plutonium Recycle Test Reactor. The 
first data on nuclear heating rates in material 
were determined and are now in general use. 
New methods of power reactor flattening were 
devised, including a poison wire technique. 
Several techniques of reactor analysis were 
worked out and made available, some of them 
programmed for computer use. Initial work on 
design and performance of a nuclear ramjet 
led to Project Pluto; heat-transfer calculation 
techniques developed in ANP were adapted for 
use on Pluto. 


REACTOR SAFETY. Fission-product dispersal 
experiments were carried out to determine re- 
lease, airborne activity, particle size and ground 
deposition rate of fission products from melt- 
down of metallic fuel elements: safety margins 
were demonstrated to be much greater than had 
been anticipated. Much of the work done on 
reactor safety, including development of fuse 
devices, is of value to other reactor programs. 
So is the basic radiobiological work on physio- 
logical reactions and human engineering aspects 
of keeping men in a radiation environment for 
long periods of time. 


TRAINING. By no means least, ANP was the 
training ground for a very considerable propor- 
tion of the technical people—nuclear scientists 
and engineers—now working in other areas of 
the field. 
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REACTOR NEWS 


NEVADA FLIRTING WITH NUCLEAR POWER 


A Nevada utility—Sierra Pacific Power Co.—is contem- 
plating building a 75-Mwe reactor between 1965 and 
1970 to serve the Reno area. This was disclosed at a 
two-day forum June 29-30, held by the Fact-Finding 
Committee on Nuclear Energy for the State of Nevada, 
to examine the feasibility of using reactor power in that 
power-hungry state. e Committee, consisting of 13 
citizens appointed by Gov. Grant Sawyer, heard presen- 
tations by AEC, General Electric, Atomics International, 
and er ap etn  ng first on its new incentive 
proposals desi to spur flagging interest in nuclear 
power, the last three ps ae Gennes offerings in the 
50-Mwe range. Purpose of the forum, besides gathering 
facts, was to stimulate public and industry interest in 
the possibilities of installing nuclear plants in Nevada, a 
very high fuel-cost area. The Committee, until now, 
has been thinking in terms of a series of 50-Mwe stations, 
fitting in with growth projections over the next several 
years; it invited the manufacturers’ presentations to help 
in its formative thinking about the feasibility of using 
nuclear power. And announced publicly for the first 
time were plans by Sierra Pacific, which serves much of 
northern Nevada, to build a 75-Mwe reactor near Reno 
in the decade’s second half. Sierra Pacific, which serves 
Reno, Carson City, and all the northern third of Nevada, 
had until this year acted only as a power broker rather 
than power producer, importing electricity from PG&E in 
California. Since a forest fire last summer cut all three 
transmission lines, the governor and the public have been 
putting pressure on Sierra to step up its new construction 
program. 

SIOUX FALLS REACTOR 70% BUILT 

Construction of the Sioux Falls reactor is more than 70% 
complete, according to Northern States Power Co., which 
will own and operate it. The 66-Mwe reactor, world’s 
first with nuclear superheat, will be in operation next 
June as scheduled, the utility says. Cost of the Allis- 
Chalmers unit is placed at $22-million, plus $12-million 
for research-development, the first five years’ operating 
costs, and the cost of the first core, for a total of $34- 
million. While this is considerably more than a com- 
parable fossil-fueled plant would cost, NSP Vice Presi- 
dent (Operations) Earl Ewald said a second plant could 
be built for about $16-million, somewhere near the cost 
of an equivalent conventional plant. 


WEINBERG DROPS FIGHT FOR HRE-2 


Dropping his campaign to reinstate the HRE-2 program, 
ORNL director Alvin M. Weinberg has had the aqueous 
homogeneous reactor experiment mothballed in place 
after removing its fuel and heavy-water moderator. 
Following shutdown, project technicians removed and 
examined corrosion specimens from the core tank, to 
determine corrosion rates since the fuel flow was reversed 
and the core tank patched (NU, March ’61, 31; April, 
29). Citing the corrosion problem as principal reason 
for shutting down the reactor, Weinberg said ORNL 
“expects to carry out a small laboratory program through 
1962 in continuation of the aqueous homogeneous con- 
cept.” Project engineers believe that the severe corro- 
se oe ge tne —_ agen be corrected by proper 

ynamic ign and by proper attention to heat 
pn and that al pact A onl had been taken 
short of actually replacing the reactor vessel. One 
project official said that the information obtained as a 
result of the tests convinced ORNL that it could produce 
a successful operational homogeneous reactor. 


NUSCO TO STUDY YANKEE PERFORMANCE 


Nuclear Utilities Service Co. will evaluate the Yankee 
reactor's performance under a $40,000 contract signed 
by NUSCo and AEC June 30. Under it, NUSCo will 
evaluate the operating data available from the Yankee 
plant, determine if the data available is sufficient for 
accurate assessment of plant performance, identify any 
additional data that may be necessary, and compare ac- 
tual with expected design performance. The work is to 
be completed this fall. . . Meanwhile William Webster, 
president of the Yankee group, announced that final costs 
for the reactor will run $13-million below estimates, thus 
confirming earlier predictions (NU, March ’61, 59; June, 
24). Final capital requirements for the project will be 
about $43.7-million, as compared to $57-million esti- 
mated. The plant, which entered regular commercial 
operation July 1, has generated more than 400-million 
kwh and performed “somewhat better than had been 
expected,” Webster said. In Washington, AEC amended 
Yankee’s provisional operating license to one expiring 
Nov. 4, 1997, and authorized increase in power from 392 
to 485 Mwth—equivalent to 145 Mwe gross, 136 net. 


NS SAVANNAH FUELING IMMINENT 


The long-awaited fueling of NS Savannah’s reactor is 
expected to be carried out early in August. Hold No. 4 
immediately forward of the reactor compartment has 
been turned into a clean-room and fuel vault for the 
fueling operation; the ship’s own cranes will lift the 32 
elements one by one from the hold into the reactor ves- 
sel. From fueling to initial criticality is expected to 
require about two weeks, for buttoning up and final 
pre-critical check-out. . . Todd Shipyards’ Galveston 
plant will be Savannah’s central servicing site, the Mari- 
time Administration has decided. The plant, on Pelican 
Island, will be expanded to be able to handle drydocking, 


repair, maintenance and refueling of the pioneer ship. 


LONG BEACH TO SEA; 2 NEW YARDS SELECTED 


The Navy’s first surface ship, the 14,000 ton, 2-reactor 
cruiser Long Beach, left her builders’ yard for the first 
time at 6:20 am, Wednesday, July 6; traversed Boston 
harbor, at first under tow; dropped her pilot at 8:14, and 
took off for the open sea with a dizzying burst of speed. 
She returned to port Friday, and the Navy reported that 
“well within the first 24 hours of operation at sea Long 
Beach had completed her design full-power endurance 
runs; in fact, ie exceeded the design requirements.” 
After final outfitting, she will join the Fleet this fall. . . 
Vice Adm. Rickover disclosed he has started qualifying 
two more naval shipyards to build nuclear submarines: 
Puget Sound Navy Yard, Bremerton, Wash., and 
Charleston (S. C.) Navy Yard. The training of 30-50 
of the “very best” engineers and several hundred key 
workmen in each yard will take at least 1% years, 
Rickover said. . . On June 18 the number of operational 
submarines grew to 21 as Ethan Allen successfully 
completed trials. 


4 PAPER-MAKERS EYE PROCESS STEAM UNIT 


AEC’s 40-Mwth demonstration process steam reactor 
project drew expressions of interest from four paper 
manufacturers: Fitchburg Paper Co., Fitchburg, Mass.; 
Franconia Paper Corp., Lincoln, N. H.; Huss Ontonagon 
Pulp & Paper Co., Chicago; Shawano Paper Co., Shawano, 
Wis. AEC is now evaluating data supplied by the firms, 
and will ask for detailed per if its evaluation in- 
dicates responsive proposals could be expected. 
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WORLD NEWS 


Eklund Nominated Next Head of IAEA 


Arne Sigvard Eklund, director of reactor development for 
Swedens national atomic energy company, AB Atom- 
energi, has been designated second Director General of 
the International Atomic Energy Agency by its 23-nation 
Board of Governors. Ratification by the 75-nation an- 
nual General Conference, convening Sept. 26, is still 
required, however, and this is a bi Purd e as the Soviet 
bloc opposed Eklund in the Board of Governors. The 
Russian choice to succeed first IAEA Director General 
W. Sterling Cole of the U. S., whose four-year term 
expires Nov. 30, is Tjondronegoro Sudjarvo, Indonesian 
delegate on the Board of Governors. Voting against 
Eklund in the Board were the U.S.S.R., Poland and 
Bulgaria; neutrals India, Ceylon and Iraq abstained. 
Eklund’s name had originally been put forward by 
France as a neutral candidate, but the Russians, although 
reported to hold him personally in high esteem, chose to 
regard him as a candidate of the Western bloc. Four 
years ago the Russians accepted Cole’s nomination to 
the top IAEA spot; what position they would take if the 
General Conference confirms Eklund, and whether they 
would boycott the Agency’s work in such a case, cannot 
yet be foretold. Eklund needs only a simple majority in 
the General Conference. He accepted the Board of 
Governors’ nomination just two weeks after it was voted. 





Hirsch Sees Wide Use of A-Power by 1970 


A European boom in nuclear production of electricity by 
1970 was forecast by Euratom’s indomitable president, 
Etienne Hirsch, before the European Parliament of the 
six-nation European Community. “By 1970 or even 
earlier,” he sialabed, “reductions in production costs— 
resulting from technological progress and improvements 
rather than from new discoveries—will insure a position 
for nuclear power that is competitive with conventional 
forms of electricity production in the Community.” 
When this happens, he said, the European power in- 
dustry will be in a position similar to that of the aircraft 
industry on the arrival of jet engines: “Constructors who 
have not acquired experience and reputation in nuclear 
techniques will be deserted overnight and left to cater 
only for the limited circle still able to use those few 
sources of power still remaining competitive price- 
wise. . . Mankind no longer faces a power shortage,” 
he went on, “and thrift of power is no longer needed. 
Therefore we should all go ahead and use up existing 
reserves of energy before they lose their value by com- 
petition of cheaper nuclear energy. Energy supplies 
will be ensured once European industries have acquired 
technical competence, and balance-of-payments difficul- 
ties resulting from shortage of power supplies will dis- 
appear.” Hirsch also expressed satisfaction over his new 
understanding with the U. S. arrived at during his trip 
to Washington in June: the new relationship “offers 
prospects for joint activities in a wider field than Fitherto.” 





$32-million Euratom Aid for Power Reactors 





Euratom’s Council of Ministers approved a $32-million 
aid program for five power reactors over a two-year 
period (NU, June ‘61, 25), in spite of determined 
French opposition. The plan provides $19-million in 
fiscal-’61 I the SIMEA and SENN reactors in Italy and 
the Franco-Belgian SENA reactor at Givet. In fiscal-’62, 
$13-million will go to aid one German and one Dutch 
reactor, as yet unspecified. The Council overrode 
French objections that Euratom’s $215-million fund for 
research and education should be used exclusively for 
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research projects and not stretched to include power. 


Allis-Chalmers Gets Swedish Design Study 


Allis-Chalmers has gotten a contract for technical in- 
vestigations and preliminary design for a 56-Mwe boiling 
water reactor being planned by an eight-utility group, 
AKV (NU, Dec. 60, 30), for Simpevarp, 200 mi sou 
of Stockholm on Sweden’s Baltic coast. Amount of the 
contract was not announced. Allis-Chalmers’ Washing- 
ton office will out the work, with four Swedi 
subcontractors: Kockums Mekaniska Verkstads AB (con- 
ventional plant), Tekniska Byggnadsbyran (construc- 
tors); Nyby Bruk (steel) and Svenska Phillips (instru- 
mentation). AKV hopes to make a decision by Jan. 1 
whether or not to proceed with construction; the plant, 
if built, would be scheduled for 1965 completion. 





GE in Line for Dutch Study Contract 


A second European study contract for a U. S. reactor 
firm appeared to be shaping up last month, when the 
Dutch SEP group decided on the boiling-water approach 
and on General Electric as manufacturer. The Dutch 
group—which planned an entry in the first round of the 
joint U. S.-Euratom nuclear power program, but did not 
make the Oct. 20, 1959, deadline, largely because of 
high capital cost—has sent a group of engineers to work 
with GE at San Jose for 3-4 months, to do preliminary 
design, scoping and economic studies. Present plant 
size contemplated is about 50 Mwe. 





German Jottings 





RWE’s Kahl boiling-water reactor started power produc- 
tion in mid-June, is now operating at 3 Mwe, will reach 
15-Mwe full power in a few weeks. Capacity is to be 
doubled to 30-Mwe at a later stage. . . Bonn is sub- 
sidizing not one, but two OMR design studies for the 
KBWP (ex-AKS) group. In addition to the 150-Mwe 
design study on which Atomics International and Brown 
Boveri are collaborating (NU, May ’61, 26), a second 
design study on a 15-Mwe version has been ordered from 
Interatom (German joint subsidiary of AI and Demag) 
and Brown Boveri. Bonn has granted $443,750 to 
KBWP to help finance the two studies; their total cost 
will be $895,500, with the government and KBWP pay- 
ing 50% each. Both studies are to be finished in 14 
months. KBWP will build the 150- or the 15-Mwe 
reactor, but not both. Decision-making will take three 
months; thus a construction order may issue by fall 1962. 
. . . Bonn has also granted a $4.5-million subsidy to the 
Brown Boveri-Krupp team, builders of the 15-Mwe 
pebble-bed reactor at jue. for development of a 5-20- 
Mwe reactor with higher temperatures, better 
fuel elements, no heat exchanger. Total development 
cost is put at $6.25-million. It’s the first step in the 
German small- and medium-reactor development pro- 
gram. . . . A 16,000-ton bulk-cargo carrier, not a “Kad 
will house Germany’s first ship-propulsion reactor. 
Reasons: a bulk carrier can be oat on shorter routes, 
making scheduling of any required early repairs easier; 
dry freight represents a lesser danger-factor than oil. 


Belgium’s BR-2 Critical 


Europe’s most powerful testing reactor, Belgium’s BR-2, 
went critical June 29. Owned by Centre d'Etude de 
lEnergie Nucléaire (and designed by NDA, now part of 
United Nuclear Corp.), it was scheduled to go critical 
by end-1958 (NU, 56, 13). The $20-million, 50-Mwth 
unit will have 10” peak thermal flux in its central hole. 
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NEWS IN BRIEF 


Oak Ridge Asks to Take On Major Nonnuclear Effort 


The first formal request by a national laboratory for as- 
signment of a nonnuclear project has been submitted to 
AEC by Oak Ridge National Laboratory. Alvin M. 
Weinberg, ORNL ; ie or, has asked permission to take 
on an ambitious water-resources-development program, 
including desalinization, underground exploration, con- 
servation, etc. His request was icularly timely be- 
cause it was tendered as: 1. officials of the new Adminis- 
tration—particularly President Kennedy and AEC Chair- 
man Glenn T. Seaborg—were giving their support to the 
use of national-laboratory resources for ee 
projects outside the nuclear field (NU, July ‘61, 26); 2. 
the labs were feeling pressure from both reduced budgets 
and the continuing industrial campaign to get AEC- 
funded work industry is capable of handling (NU, May 
"61, 24); and 38. the nation, as a whole, was taking a 
greater interest in future water resources. 

Primarily because the ORNL proposal is a “first,” 
however, it has raised many fundamental questions which 
must be ironed out in Washington. How should a non- 
nuclear program at a heretofore-nuclear lab be managed 
from Washington—through AEC? by or with the federal 
agency more directly involved? How far should a lab 
be permitted to go in allocating manpower and facilities 
to nonnuclear work? How should the work be financed? 
These questions were being discussed at top policy levels 
and answers to them were estimated by some at being 
“miles off.” However, because of the Kennedy and Sea- 
borg interest in seeing the labs get into such things, the 
Weinberg proposal is considered “more than a dream.” 


AEC Drafting Measure to Limit Mandatory Hearings 


AEC disclosed last month that it was drafting a proposed 
amendment to the 1954 Atomic Energy Act to modify 
the existing requirement for mandatory hearings in re- 
actor-licensing cases. General Counsel Neil Naiden’s 
office working up a measure to limit formal hearing to 
‘one—at the construction- it stage—with additional 
hearings to be scheduled only on request of intervenors 
or on the Commission’s own initiative. This alternative 
to the present mandatory ww had been proposed 
pretty generally in June, during hearings of the Joint 
Committee on Atomic Energy on nuclear regulation and 
safety (NU, July 61, 23). There was some question 
whether an amendment to the 1954 Atomic Energy Act 
could be approved by Congress so late in the current 
son | session but, use of the widespread 
agreement on modifying the mandatory-hearing require- 
ment, there is a possibility of action on the AEC proposal 
before Congress adjourns late this month or early next 
(related story page 23). 


AEC Holds First Public Meeting on Reactor Project 
On June 19, AEC conducted its first public meeting at 
the site of a proposed reactor and the “experiment” 
went off without controversy. In fact, it went so well 
that AEC Regulation Director Harold Price (see chart 
e 23) said last month that the program would prob- 
ably be continued, and, it was indicated, the second such 
meeting will probably be held near the Pennsylvania site 
of the Peach Bottom, high-temperature, gas-cooled re- 
actor. The i meeting was held in Pleasanton, Calif., 
near the Vallecitos Laboratory of General Electric Co., 
where GE has proposed construction of the experimental 
superheat reactor by Empire State Atomic 
Development Associates (NU, Jan. ‘61, 20). AEC 
speakers at the two-hour session were Robert Lowen- 
stein, acting director of the Division of Licensing and 


Regulation, and Clifford R. Beck, assistant director for 
facilities licensing; Lowenstein covered AEC’s regulatory 
program and Beck discussed the safety of the proposed 
lant. 

Though the meeting was quiet, there was some doubt 
of its value as a guage of a successful experiment, be- 
cause: 1. only a fandful of the estimated 75 attendees 
were private citizens not involved with nuclear energy, 
the rest being GE nuclear people, local or state officials 
and AEC personnel; 2. the Pleasanton area is conditioned 
to nuclear power, which is almost considered “old hat” 
there. A formal AEC hearing on the superheat plant 
was held on June 29, with the AEC staff giving their 
endorsement, and the issuance of a construction permit 
was expected routinely. 


Armstrong Leaves AEC; Will Join Rocketdyne . . . 

Col. Jack Armstrong, formerly deputy director of AEC’s 
Aircraft Nuclear Propulsion Office and recently slated to 
take a post of associate director in AEC’s Reactor De- 
velopment div., has left AEC as of June 30. He said 
he had accepted a nonnuclear post with Rocketdyne div. 


of North American Aviation, Inc. Personality differ- 
icularly with AEC General epg, 18 Alvin R. 


ences, 
Luedecke, appear to have led Armstrong to leave Wash- 
ington. Before he left there were these major develop- 
ments involving Armstrong: 1. he was awarded the 
Legion of Merit by Air Force Secretary Eugene Zuckert, 
in a ceremony at the Pentagon; 2. the U. S. successfully 
fired into orbit a SNAP device of the type which Arm- 
strong had done much to pioneer as manager of the 
SNAP program (Systems for Nuclear Auxiliary Power); 
and 3. fie Thad had a major role in drafting the plans for 
reorganizing AEC’s Reactor Development div. (NU, 
June 61, 21). During his five years at AEC, Armstrong 
had important policy and managerial roles in the nuclear 
airplane, ramjet, rocket and SNAP programs. Since last 
September, he had been working directly for Reactor 
Development Director Frank Pittman on the proposed 
reorganization, on advanced-reactor concepts and, since 
this past spring, on SNAP. No one had been named, as 
of late last month, to the associate director's post for 
which he was in line. 


. and Ramjet Manager Branch Also Leaves AEC 


Also involved in the personality friction which had been 
the prime reason for Armstrong’s resignation was Brig. 
Gen. Irving L. Branch, two-hat manager of the nuclear- 
ramjet and nuclear-airplane (before this project was 
killed by the President). Branch has been transferred 
by the Air Force to Edwards Air Force Base, Calif., 
where he was to assume command of the Flight-Test 
Center on Aug. 1. Simultaneously with Branch’s de- 
parture, AEC and the Air Force have agreed to abolish 
joint management of the reactor portion of the nuclear- 
ramjet program (Project Pluto) for the indefinite future. 
AEC will direct development of the Pluto reactor, with 
Irving Hoffman continuing to have direct responsibility 
within the Division of Reactor Development; Hoffman 
will probably report to the successor to Col. Jack Arm- 
strong (see above), when a successor is named. Col. 
Ola P. Thorne, former deputy to Branch, has succeeded 
him at AF headquarters; Thorne will direct all AF in- 
terests in nuclear energy, including development of a 
nuclear-ramjet engine and vehicle. 

A review of the ramjet program is to be completed by 
Thorne’s office this month. Success of the first ramjet 
reactor test in May (Tory II-A prime) has led to the 
possibility that engine development may be accelerated. 
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RADIATION NEWS 


HVEC Subsidiary Wins Plastics-Irradiation Patent 


The impact of an “extremely broad and inclusive” patent 
on the electron-irradiation of plastics issued Apr. 25 (NU 
Wk, 29 June ’61, 1) to Electronized Chemicals Corp., 
High Voltage Engineering Corp. subsidiary, was still 
unclear, an HVEC/ECC spokesman said last month. 
ECC has notified all producers of irradiated-plastics that 
their activities may be subject to licensing. These in- 
clude General Electric Co., both a producer of irradiated 
plastics and a manufacturer of radiation machines; Ray- 
chem Corp., producer of several irradiated plastics; and 
oe div. of W. R. Grace & Co., pioneer in the de- 
velopment and marketing of irradiated-plastic wrappin 
film. Some of those notified have already responded, 
HVEC officials said. In general the respondents said 
that they would study the patent before nding more 
definitively. Raychem Corp., engaged ost entirely 
in the irradiation of plastics, told NucLEONIcs: “We are 
aware of the existence of the patent and we are studying 
it closely.” An official of another firm, however, said he 
interpreted the development as meaning that “anyone 
who irradiates polyethylene, in any form, must get a 
license from HVEC/ECC.” However, the patent covers 
specific radiation dosages—with a minimum of one 
megarep—and, presumably, processes involving less than 
this would not be covered. 

HVEC/ECC have been proceeding cautiously, with 
the over-all aim of trying to establish nonexclusive licens- 
ing arrangements while, at the same time, wanting to do 
nothing to impede the growth of radiation in the thermo- 
plastics field nor to encourage litigation over the patent. 
They made it clear, however, that the patent was con- 
sidered a prospective source of licensing revenue: “We 
would like to license people and get some royalties out 
of this. . . . We would like to have as many people as 
possible sign up.” GE challenged the priority of the 
patent before it was granted but is not expected to 
challenge the patent in the courts because, in having 
sought a similar patent, GE is already on record as con- 
sidering the ECC patent valid. 

The scope of the patent, originally sought in a 
February, 1954, claim filed by Arno Brasch, is contained 
in its wording: “The principal object of the present in- 
vention. . . . is to provide a process for greatly increas- 
ing the physical and chemical resistance of certain ther- 
moplastic substances. . . . it will be seen that articles 
can be molded from a wide range of thermoplastic poly- 
mers in the conventional manner, and then F sna articles 
can be treated by electron bombardment so as to produce 
changes which frequently greatly improve their physical 
and chemical characteristics for certain purposes. 


Tracerlab Merging with Laboratory for Electronics 
The firm which has given birth, directly or indirectly, to 
a large percentage of the nuclear-instrument industry, 
Tracerlab, Inc., has decided to merge with Laboratory 
for Electronics, subject to stockholder approval later this 
summer or in early fall. Tracerlab wil thus relinquish 
its independence for access to much-needed cash for ex- 
pansion—after a several-year period of financial and 
other problems. Although both boards of directors had 
approved the merger as of early last month, few details 
of the arrangement had been worked out. 

Tracerlab is expected to operate as an LFE subsidiary 
but there was conflicting evidence on whether S. S. 
Auchincloss would stay on as Tracerlab president. More- 
over, because of the divergent interests of the two firms 
(LFE had been doing 90% of its business with the 
government in air navigation systems, radar, etc.), inte- 
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gration of their production sales, and other capabilities 
was not considered likely in the foreseeable future. 
Primarily, LFE’s interest was in the acquisition of a firm 
doing substantial commercial business (85% of Tracer- 
lab’s sales) and Tracerlab needed expansion capital 
(“Sales are at as high a rate as ever but we need cash 
for advertising, sales promotion and expansion of the 
product line.”). LFE’s sales are about $50-million 
annually; Tracerlab’s sales were $12.5-million last year. 


GE Sells Two Radiation Machines for Textiles 


The sale of two electron-beam resonant transformers for 
research on and pilot-plant production of textiles was 
disclosed in late June by General Electric's X-ray dept., 
Milwaukee, Wis. The purchasers were two undisclosed 
customers overseas, one purchasing a 1-Mev machine, 
the other a 2-Mev unit. GE and other radiation-indus- 
try officials were excited about the soar primarily 
because they indicated an economic breakthrough in the 
radiation-processing of synthetic textiles—a particularly 
promising market for radiation sources. 

In a related development, Radiation Dynamics, Inc., 
which had announced the sale of a 1.5-Mev Dynamitron 
accelerator to a Japanese textile firm last year, said it 
expected to ship the machine to Japan this month. 


Large Medical Supplier Orders Irradiation Plant 


Becton, Dickinson and Co., East Rutherford, N. J., con- 
firmed last month that it had ordered a complete radia- 
tion-sterilization plant from Hughes Aircraft for sched- 
uled operation by the end of the year (NU, June ’61, 27). 
B-D and its subsidiaries operate plants in the U. S. and 
abroad manufacturing medical instruments, thermom- 
eters, hypodermic needles, syringes, etc. The Hughes 
lant, featuring a 10-Mev linear accelerator, would be 
focated in East Rutherford. B-D refused to divulge 
other details “until it is working properly.” 

Hughes Expands. Meanwhile, Hughes disclosed that 
its Nuclear Electronics’ Laboratory was moving to ex- 
anded quarters at Fullerton, Calif., 30 mi from the 
ormer location at Culver City—in a move reflecting 
greater confidence of the management in the Lab's 
activities. These include development of accelerators, 
solid-state detectors and remote-handling equipment—all 
associated with radiation and its effects. e Lab is 
joining the Hughes Ground Systems Group at Fullerton 
and expects to develop a major radiation facility there. 


New Firm Enters Radiation-Detection Field 


Industrial Electronic Hardware Corp., a New York City 
manufacturer of electronic components, has entered the 
radiation-detection field with a Navy procurement con- 
tract for 200,000 personnel dosimeters to be delivered to 
the Marine Corps early this fall. The company is also 
in the process of developing three more radiation instru- 
ments: 1. a thermoluminescent dosimeter, 2. a pencil- 
type self-indicating dosimeter, and 3. a radiac meter (es- 
sentially a sensitive Geiger-Mueller counter). The com- 

any plans to use $150,000 of a proposed $1-million 
Leal issue for tooling up and production of the dosim- 
eters. The units are waterproof, are designed primarily 
for combat personnel (1-600 r), and will cost — 
mately $2.00 apiece. They are made of two disks of 

lastic-enclosed lead, surrounding a disk of radiophoto- 
cadena, heat-treated glass which can be removed 


for reading in a separate roentgen-reading machine. 
The design is a modification of a dosimeter developed by 
two Naval Research Laboratory scientists—James H. 
Schulman and Robert J. Ginther (NU, Apr ’60, 92; Oct 
58, 52). 
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SPACE NUCLEONICS 


July Big Month for Rocket-Engine Development 


NASA last month invited architect-engineer proposals 
on the first nuclear-rocket-engine facility—a maintenance, 
assembly and disassembly building to be located at the 
National Nuclear Rocket Development Center, Jackass 
Flats, Nev.; 19 firms were invited to reply by July 24. 
Also, before the month was out, the joint AEC/NASA 
Space Nuclear Propulsion Office, under Harold B, Finger, 
was to complete negotiations on the six-month Phase 1 
of an engine-development contract with Aerojet-General 
Corp. (NU, July ’61, 25). Westinghouse Astronuclear 
Laboratory is subcontractor to Aerojet for all nuclear 
work, AMF Atomics for assembly, disassembly, etc., and 
Bendix Aviation for actuators and controls. 





Soviet Lead in Electrical Propulsion Reported 


NASA officials reported in late June that the Soviet 
Union, according to authoritative information reaching 
the U. S. ap to be well ahead of the U. S. in de- 
velopment of nuclear-electrical propulsion engines for 
ce. The NASA revelation came shortly before 
cials of the House Science and Astronautics Commit- 
tee disclosed that it will probably carry out a study of 
the U. S. electrical-propulsion effort during the upcoming 
Congressional recess; the study would probably be 
followed early next year by a series of ublic hearings 
on the program. NASA officials, clearly shocked by 
their discovery that the Soviet Union may fone an opera- 
tional nuclear-electrical spacecraft of several hundred 
kilowatts in 1964, urged a several-step acceleration of 
the U. S. effort, which is now paced for operation of an 
engine of only 30-60-kw no earlier than 1966 (SNAP-8). 
A combination Saturn chemical booster and 300-kw 
electrical spacecraft could deliver five times the payload 
of an mical system to the vicinity of Mars, NASA 
estimates, although the trip would take four times as 
long. However, a 1-Mwe electrical-propulsion system 
deliver eight times the payload of a chemical 
system in only three times the period. 

The following broadening and acceleration of the 
U. S. effort has urged within NASA: acceleration of 
advanced- development beyond SNAP-8 to hasten 
300-1,000-kw, high-temperature engines (see below), 
with these systems being developed specifically as upper 
stages of Saturn or Nova chemical boosters; develop- 
ment of 60-kw systems for integration with the Centaur 
rocket; and development of 30-kw arc-jet systems for 
earth orbital missions (communications, etc. ). 





3 More NASA Contracts on Electrical Propulsion 


Three more contracts have been let by NASA within its 
gram for developing high-temperature technology 





to advanced nuclear-electrical propulsion systems 
(NU, Feb. ’61, 82). Program manager is Lewis Re- 
search Center, which has given contracts to: Develop- 
ment div. of United Nuclear Corp. (formerly NDA) for 
design and fabrication of a 1-Mwe, liquid-metal, heat- 
transfer loop for all-liquid and boiling experiments with 
potassium, sodium, etc. ($533,000); AMF Atomics for 
design, fabrication, installation and test of a sodium 

izer and turbine loop (second stage of a contract 
totalling $600,000-700,000); and Pratt & Whitney’s 
Connecticut Aircraft and Nuclear Engine Laboratory 
(CANEL) for construction of a test stand at Lewis for 
development of space radiators and condensers ($589,- 
000). To be completed by October, 1962, the stand 
will include a space-environment chamber 8 ft in dia and 


18 ft long and a closed-loop system capable of dissipating 
heat up to 1,800 deg F. 


Liquid-Metal Contract Won by Univ. of Michigan 


The Aeronautical Systems div., Wright Patterson Air 
Force Base, has given a $199,000 contract to the Univ. 
of Michigan for the study of heat transfer of boiling 
liquid metals in small reactors, primarily for space. The 
Wright division has been ened in the AF contracts 
with AiResearch div. of Garrett Corp. (prime) and 
Aerojet-General Corp. on Project SPUR (Space Power 
Unit Reactor), looking toward development of 300-1,000- 
kwe reactors for electrical propulsion and auxiliary power 
(note NASA story above). Thus, both NASA and the 
AF are supporting research-development on components, 
working fluids, systems, etc., for high-temperature, high- 
powered space reactors. 

The Univ. of Michigan contract includes studies of 
sodium, potassium, mercury, lithium and rubidium to 
learn more of the boiling process of these liquid metals 
and of the effect of varying gravitational fields on the 
process. The campus group involved, working under 
R. E. Balzhiser, will also “attempt to establish all the 

rocedures and technical design criteria necessary for 
heme design and development of liquid-metal boilers.” 





Use of SNAP Device in Surveyor Likely 


The likely selection of a radioisotopic-power generator 
for NASA's Surveyor program for landing instruments on 
the moon has emerged in the aftermath of last month’s 
successful orbiting of a strontium-90 generator in Transit 
IV-A (page 25). No official decision had been an- 
sane as of last month but all unofficial signs pointed 
toward use of a curium-242 device in the 15—25-watt 
range for the Surveyor series. Manager of Surveyor is 
NASA’s Jet Propulsion Laboratory, which has been 
quietly enthusiastic about radioisotopic generators (NU, 
Apr ’61, 57) but has not, until the Transit shot, been 
able to argue effectively for radiation power against solar 
or fuel cells in combination with batteries. However, 
as an AEC official emphasized shortly after the Transit 
test, its success has given substantial support to JPL and 
other advocates of nuclear devices for auxiliary power 
involved in projects where nonnuclear devices cannot 
be expected to perform as well. NASA [and others], 
hove thee waiting for someone else to do it first. 

A curium device would offer three major advantages 
to the Surveyor series (Surveyor, beginning in 1963, 
would soft-land instrument and communications systems 
on the moon to analyze ambient conditions and drill into 
the crust). A substantial weight saving over power 
systems using batteries would provide an opportunity to 
put more instrumentation into the Surveyor spacecraft; 
also, a curium device offers both longer lifetime (two 
months as against about two weeks) and more rugged 
construction than battery systems. Martin Co. has been 
developing a curium generator under AEC contract (NU, 
July ’61, 32). 


California Firm Gets Plasma Contract from NASA 


NASA has given a contract “in excess of $100,000” to 
Clauser Technology Corp., Torrance, Calif., for feasibil- 
ity studies on a magnetic induction plasma engine for 
interplanetary-space travel. The contract covers con- 
struction and test of both single- and repetitive-firing 
engines utilizing the interaction force between a traveling 
magnetic field and a gaseous plasma. President of the 
firm is Milton Clauser, formerly of Space Technology 
Laboratories and Purdue Univ. 
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INTRODUCING 
A NEW CONCEPT 
IN PULSE HEIGHT 
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New low cost 128 and 
256 channel pulse 
height analyzers 


Specially designed for budget conscious laboratories or 
laboratories requiring additional analyzers for less 
sophisticated work, these completely new analyzers feature... 
Advanced high speed transistor circuitry including crystal 
control oscillator and 5 MC scaler... All transistor circuitry is 
on plug-in cards for easy access... Plug-in Cards have 
bifurcated and double-sided contact pins to assure extreme 
reliability ... New Dead Time Specification—(12.5 plus 0.2N) us 
... Removable Power Supply... Simplified Operating Design. 


For additional information or a demonstration of these 
Analyzers, contact RCL or your nearest RCL Representative. 


oe Cele Galel, Miesel ti, Bg a. meer G-tel 2 Baek OE ee 8, Eom 


RCL 
5121 West Grove, Skokie, Illinois, U.S. A., YOrktown 6-8700 
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BAR X SEALS EVERYTHING 


AT TEMPERATURES FROM —400°F TO +1500°F! 


ANY FLUID—GAS—FUELS—WATER—LIQUID METALS—CRYOGENIC FLUIDS—CORROSIVE FLUIDS 
ANY SYSTEM — HYDRAULIC — PNEUMATIC — VACUUM — CRYOGENIC — NUCLEAR 


LOADING 
x 


RING 
LOAD 
HERE 

eo 


ee: SEAL HERE 
BAR-K-SIZES: 
-DUALSEAL REDUNDANT DESIGN yi hory 
NO CATASTROPHIC FAILURES 
INFINITE STORAGE LIFE 
UNPRECEDENTED SERVICE LIFE 
Eliminates critical downtime ™ Very high and very low pressure 
@ Easy, foolproof installation (not a mechanism) @ All-metal— 
non-contaminating @ Stable, symmetrical design 
WRITE TODAY FOR THE FULL STORY! SALES ENGINEERS IN PRINCIPAL CITIES. 


IT SEALS 
Wiggins 
E. B. WIGGINS OIL TOOL CO., INC., Dept. H1 —a 


3424 E. Olympic Bivd., Los Angeles 23, Calif. 
TWX 1403U, Phone AN 9-0181 HIGH PRESSURES 


NO DOWNTIME FROM SEAL FAILURE 





ELECTRONIC INSTRUMENTATION 
PIONEERED AND PERFECTED BY 
BURNDEPT 


SAFEGUARD FOR PERSONNEL 


Spotlight on Radiation Monitor Ratemeter — BN. 110 Mk. Ill 


The Type BN.110 is designed primarily to measure con- 
tamination of both equipment and personnel. Two probes are 
used, one for Alpha and the other for Beta/Gamma counting. 
Count rate is displayed on a 34in. moving coil indicator which 
has a linear scale calibrated 0-5 counts per sec. Additional full 
scale deflections of 50, 500 and 5,000 counts per second can 
be selected by the range switch. Aural indication of radiation 
intensity is given through a loudspeaker which can be switched 
on or off as required. Individual pulse rates up to 10 per 
second can be determined through the inclusion of a re- 
setable electro-mechanical register. A variable EHT supply is 
built in to provide the necessary voltages for the probes. 
A positive pulse output with an amplitude of at least 5V is 
available for operating a scaler. The Ratemeter weighs 35 Ib., 
excluding probes, and is finished in cream 

phenoglaze. A conversion kit is available to 

enable it to operate on 50V 50cps. A.C. 


ENQUIRIES WELCOME: HEALTH PHYSICS DIVISION 
BURNDEPT LTDO., ERITH, KENT. TELEPHONE: ERITH 33080 
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Opportunities in Advanced Systems 
for Power Production and Conversion 


Expanding development programs, stemming from our broad research efforts, have 
established the need for additional creative scientists and engineers at General Atomic’s John 
Jay Hopkins Laboratory for Pure and Applied Science. Diversified programs currently under- 
way include both power and research reactors, direct conversion of heat to electricity, 
nuclear power for space vehicles, a large program in controlled thermonuclear research, 
neutron activation analysis, and increasing research efforts in the physical sciences. 


Of particular interest to scientists and engineers is the expansion of our program in 
the direct conversion of heat to electricity, as our investigation of thermoelectric and thermi- 
onic conversion diversifies to encompass thermoelectric and thermionic generators for a 
broad range of applications, including both space and land-based power plants. Present re- 
search and development programs have created challenging opportunities for those inter- 
ested in the following fields: 


THERMOELECTRIC GENERATORS SEMICONDUCTOR-CONDUCTOR BONDS 
GENERATOR STABILITY THERMOELECTRIC CONVERTERS 
DEVELOPMENT OF INSULATORS THERMOELECTRIC MATERIALS FABRICATION 
THERMOELECTRIC MEASUREMENTS HIGH VACUUM TECHNOLOGY 


Continued efforts in our other programs will be of interest to experimental and theo- 
retical physicists, nuclear and instrumentation engineers, chemists and scientific computer 
programmers. Interested scientists and engineers at all degree levels are invited to submit a 
resume in confidence to: Manager of Employment, Dept. 108, P.O. Box 608, San Diego, 
12, California. 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 


August, 1961 - NUCLEONICS 





WATER-COOLED TUBULAR CONDUCTOR 
... vital part of unique stabilizing winding for C Stellarator ! 


Phelps Dodge water-cooled tubular con- 
ductor is a critical part of the unusual helically 
coiled field windings being made and to be in- 
stalled in the experimental C Stellarator de- 
vice at Princeton University by Allis-Chalmers 
Manufacturing Company. 

The hollow conductor is extruded and drawn 
from high purity oxygen free copper. Set 
within the conductor is an off-center hole for 


PHELPS DODGE 


converging a liquid coolant, needed to dissi- 
pate the intense heat generated by high cur- 
rents in the coils of the C Stellarator. 

Phelps Dodge has pioneered and developed 
the design and manufacture of off-center tubu- 
lar conductors. As a result, only Phelps Dodge 
produces these tubular conductors in a variety 
of shapes to fill a wide range of requirements. 


JOPPER PRODUCTS 


CORPORATION 


300 Park Avenue, New York 22, N.Y. 
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Fuel transfer cask car shown in plant of its builder, 
Baldwin-Lima-Hamilton, Philadelphia, prior to rail 
shipment to Enrico Fermi Atomic Power Reactor, near 
Monroe, Michigan. The car, 22’ long, 10’ wide, 13’ high, 
weighs about 200 tons. Gamma shielding by National 


Lead Company consists of about 170 tons of lead and 
about 7 tons of depleted uranium. Power Reactor Devel- 
opment Company built the nuclear portion of the plant 
in which this unique vehicle will operate, and Detroit 
Edison Co. constructed the turbine generator section. 


You get more than metal in gamma 


You get two exclusive built-in extras: the result of 
the lead handling know-how of the world’s largest 
fabricator of lead products...the effect of the mutu- 
ality of interest engendered by National Lead’s own 
activities in the nuclear industry. 

Working with lead for many years in many fields, 
National] Lead has built up a vast fund of experi- 
ence in handling the metal. This know-how is ex- 
pressed in lead grade selection, alloying practices, 
fabrication methods, casting temperatures, cooling 


38 


rates, bonding techniques and other areas vital to 
quality. Thus, National Lead knows how to make 
the most of lead’s gamma attenuation properties. 


The other built-in extra is the “feel for the func- 
tion” of the shieldment. The design, engineering and 
production of National Lead shielding benefits by 
the supervision of men thoroughly versed in nuclear 
arts and sciences. National Lead has its own 
Nuclear Metals Division, is a co-owner and operator 
of Industrial Reactor Laboratories at Plainsboro, 
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“Hi-Hard” lead brick, about two tons to a pallet, 


being prepared for shipment on an order totaling 
100 tons. Since introducing “Hi-Hard” some years 
ago, National Lead has supplied large tonnages of 


these bricks, in several sizes and shapes, for gamma 
shielding installations around the country. Having 
a Brinell hardness of around 20 (as against about 
4 for regular lead), “Hi-Hard” brick withstands 
considerable handling abuse before consignment 
to the discard pile. With a small mark-up over the 
regular brick, the “Hi-Hard” variety is a real buy 
for any purchasing agent. 


Fuel handling device built by Atomics 
International for the AEC, to be used 
at the Hallam, Nebraska, reactor op- 
erated by Consumers Public Power 
District. Among many other func- 
tions, this 54’ high, delicately con- 
trolled machine deposits and re- 
trieves fuel rods when positioned 
over the reactor. Gamma shielding 
of the device consists of 118 tons of 
National Lead Company’s lead shot. 


Transfer cask. This 8-ton 
cask and 12 storage 
shrouds were built by 
National Lead for the In- 
dian Point Generating 
Station of Consolidated 
Edison Co. of N. Y., Inc. 


CO-60 irradiator produced for Republic Electronics Industries Corp., Farming- 
dale, L.I., New York, by National Lead. 


shielding supplied by National Lead 


New Jersey, operates for the AEC the Fuel Mate- 
rials Production Center at Fernald, Ohio, and the 
Research Laboratory at Winchester, Massachusetts. 
In many important ways, these interests are 
reflected to the customer’s benefit in gamma shield- 


This trademark is 
the symbol of 
National Lead 
Gamma Shielding. 


| GAMMA 
SHIELDING 
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ing designed and produced by National Lead. 

*k * * 
When you need shielding, whether of lead or de- 
pleted uranium, off the shelf or made to order, get 
in touch with our nearest Branch. 


General Offices: 111 Broadway, New York 6, New York ° 


National ead Company mi 








May we tntroduce 
Cir newest SCINTILLATION PHOSPHORS 


Thermal Neutron Detector NE421 
Enriched 96% Lithium-6 in this detector provides high detection efficiency combined with 
excellent discrimination against gamma radiation. 


High Temperature Plastic Phosphor NE160 

For measurement at temperatures over 100°C. 
High Flash Point Scintillators 

For safe, economical, giant liquid scintillator installations. 
Liquid and Plastic Scintillators 

For the challenging technique of Pulse Shape Discrimination. 
Scintillating Vials NE814 


For convenient counting of aqueous samples. 


Scinstant Scintillators 
Premixed solute combinations for convenient dependable preparation of liquid scintillators 


for internal counting. 
550 BERRY STREET 


WINNIPEG 21, CANADA 
NUCLEAR 


Associate Co: 
Nuclear Enterprises (G.B.) Ltd. E TERPRISES LTD. 
Edinburgh, Scotland ; 

















NUCLEONICS 
BUYERS’ GUIDE 


may want you! 


@ Do you manufacture products or provide services 
for the nuclear field? 


@ Have you received the NUCLEONICS 1961-62 
BUYERS’ GUIDE questionnaire? 


' 


lf your answer is ‘“‘yes"’ to both questions, you 
are all set. 


If your answer is “‘yes and no," then write im- 
mediately for your copy of the questionnaire to 
NUCLEONICS 
Buyers’ Guide Manager 
330 West 42nd Street 
New York 36, N. Y. 


IF YOU HAVE RECEIVED 
A QUESTIONNAIRE... 


Return it now! Be sure to include catalogs, litera- 
ture, or other evidence for all products and 

ae services listed. Lateness can lead to confusion and 
JERPBAK BAYLESS errors, 


34150 Solon Rd. 
Cleveland 39, Ohio 
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for Atomic Power Plants... 
Hagan PowrMag Controller—solid state reliability 


Hagan’s PowrMag controller com- 
bines the kind of reliability required 
by atomic power plants with a flexi- 
bility of application that makes this 
one controller suitable for all control 
actions. Utilizing a high gain, opera- 
tional magnetic amplifier, PowrMag 
can produce the full range of control 
actions by simple negative feedback 
through ordinary resistors or capaci- 
tors. These “passive network” ele- 
ments are simply and easily plugged 
into the basic amplifier chassis by 
means of an integral plug-board, as 
shown in the photograph. 

The PowrMag system uses high 
level control signal DC voltages 


which eliminates noise, capacitive 
loss and phase shift problems. This 
electrical transmission of sensing 
unit signals as well as control signals 
eliminates the use of pneumatic lines 
in problem areas. The entire ampli- 
fier is first potted, then cased in 
steel. Since any unit can perform 
any control action by a simple 
change of plug-in components, in- 
ventory and stocking problems are 
eliminated. Power supply is unreg- 
ulated 110vAC, and power consump- 
tion is three watts. 

Each module is equipped with a 
pilot light to indicate fuse failure, 
test jacks to plug in an output meter, 


® 


HAGAN DIVISIONS: CALGON CO. - 
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calibrated knobs for set point (bias) , 
gain, reset and rate. Controller com- 
ponents can be replaced without a 
soldering operation. 

The complete PowrMag line in- 
cludes the controller, remote control 
stations, sensing elements, and final 
operators. For information on the 
application of Hagan equipment to 
atomic power plants, write or phone 
NUCLEAR POWER DIVISION, 
Room 808, Hagan Center, Pitts- 
burgh 30, Pennsylvania. 


HAGAN 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


HALL LABORATORIES + BRUNER CORP. 
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THIS GENERAL ELECTRIC BOILING WATER REACTOR PLANT is conventional in appearance, economical in certain high-fvel-cost areas. 


A FULL LINE OF NUCLEAR PLANTS TO 500,000 KWE 


General Electric BWR plant cost equals 
conventional plant cost in certain areas 


General Electric is now offering a full line of boiling 
water reactor nuclear power plants rated up to 500,000 
kwe. These new plants will be competitive with, or more 
economical than, conventional plants in certain high 
fuel-cost areas. 

These advanced designs are now possible because of 


General Electric 


| | ae Nuclear Technology Helps 


Keep Power Costs Low 


information from testing and operation of Commonwealth 
Edison’s Dresden Nuclear Power Station, and other re- 
sults from continuing technical development programs 
with electric utilities and the Atomic Energy Commission. 

Dresden has demonstrated BWR stability, simplicity of 
operation and control, and ease of maintenance. Technical 





Dresden 

Large Boiling 

Water. Reactor Feasibility 
(Commonwealth Edison Co.) 
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COMPACT REACTOR SYSTEM arrangement ond pressure suppression cost, simplifies construction. Pressure su 


containment for single-cycle boiling woter reactor plants reduces capital General Electric Company ir 


development program results include pressure suppression BWR PLANT SPECIFICATIONS 


containment, steam separation within the reactor vessel, : l Forced Circulation 

: . . . P ° atural aa 
higher core power density, and significant increases in Circulation Single 

Cycle Cycle | 





plant rating. ae 
f re. Generator 
Research and development work is continuing to further Output (Mwe) | 303 | 405 | 500 


reduce the costs of boiling water nuclear plants—projects Tr 209 | 49387 | 481 


on fuel design, higher core power density, materials, Reactor Thermel 

° ° 2 ower wt) 
equipment compaction, and nuclear superheat. Sat. Steam Pressure 
‘ : . . > . at Turbine (psia) 975 1035 | 1035 pri. .965 
For more information on General Electric commercial sec. .475 


atomic activities, contact your nearby G-E Sales Office om 
or write to General Electric Company, One River Road, ; 


Schenectady, N. Y. Outside the United States and Canada, Progress /s Our Most /mportant Product 


contact International General Electric Company, 150 


East 42nd St., New York, N. Y. 132-11 G t N E a A L 96] r LE CTR | C 


935 | 1240 | 1600 
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FAST! Four-second transfer from or 
to analyzer (400 channels)! 


AUTOMATIC! Operates completely under wee 
automatic programming controls of analyzer. => f 
RELIABLE! Computer-proven reliability of magnetic 


tape recording! 
CONVENIENT! No tape handling of any kind. Endless 
tape, cartridge-contained! 


20 TIMES FASTER ... you can't beat the combination of a RIDL AWSHION. 
Multichannel Pulse Height Analyzer System—model 34-8 200 Channel 
or 34-12 400 Channel Analyzer with a RIDL model 52-26 Magnetic Tape 
Recording and Stripping Unit—for fast transfer of analyzer data to mag- 


netic tape. This system allows rapid successive measurements to be 
made with only four seconds required between the ending of one run 


and the start of the next. This is 20 times faster than any other 


ge lll DIGITAL 
MAGNETIC TAPE 

RECORDING 

SYSTEM 


| 
‘ | 
| 


.. FOR 
SPECTRUM 
STRIPPING AND <_< onr 


... Data stored on magnetic tape may be added to or subtracted from 
data stored in the analyzer. Accuracy to 3 decimal places with multi- 


AUXILLIARY pliers of 1000%, 100%, 10%, 1% or 1/10% of data on tape. 


FULL ANALYZER CHANNEL CAPACITY USEFUL... because 
the analyzer memory is not required to store the addend or augend 


j data. All 400 channels of the analyzer memory can be used for data 
, accumulation. 


NO TAPE HANDLING. ... changing references requires only 
changing a cartridge. No time is lost threading or reading 
tapes into the analyzer before starting the data reduction 

operation. 


FINAL PERFORMANCE TEST PROVES AC- 
CURACY. Accumulate a spectrum. Print out 
and write on magnetic tape. Clear memory. 
Read in from magnetic tape and print 
FOR FULL DETAILS, write to Dept. B... out again. No difference in 
printed data is allowed. 


Ja diate ED ocel, y) 
Kadiatitn nitrument eveto ament laboratory; = 


61 EAST NORTH AVENUE + NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 + Cable Address: RADILAB 
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large scrap losses. 
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If foundry sand is too dry, molds break. 
castings have scabs and blow holes—causing rework and 





Neutron-Moderation Gages 
Water in Foundry Sand 


If it is too wet, 


But this production gage assures that 200 
ton/hr sand has 3.4 + 0.05% moisture 


by HARVEY A. BURLEY, General Motors Corp., Research Laboratories, Warren, Michigan 
and MILTON J. DIAMOND, General Motors Corp., Central Foundry Div., Saginaw, Michigan 


WE HAVE CUT CASTING cleanup by 55% 
and reduced scrap losses at our Dan- 
ville, Illinois plant by using a 2-curie 
Pu-Be fast-neutron and two 
thermal-neutron detectors to measure 
the moisture in foundry sand. The 
more uniform sand we get with the 
help of this new instrument also helps 
us to make more complicated castings, 
such as crankshafts. For this new 
instrument we also devised a method 
for clearly presenting moisture data to 
a semi-skilled operator and a novel 
means of checking calibration. 
Although radiation instru- 
ments operating on this same principle 
have served for spot checks on agricul- 
tural, oil-well logging, road building 
and airport projects (1, 2), application 
to continuous service in a production 


source 


many 


foundry imposed stricter requirements. 
The earlier radiation gages for measur- 
ing moisture in soil usually measured 
water contents of 5 to 50%, but our 
foundry gage functions at less than 4% 
moisture. Also, it is accurate to within 
about 0.05%, which is 20-40 times 
what was needed by most earlier gages. 
It speeds production by measuring the 
moisture in a 3,200-lb batch of sand 
and displaying the data simply to a 
semi-skilled operator within 45 sec. 
It performs these tests reliably in an 
equipment location where 140°F tem- 
peratures, heavy vibration, dust, dirt 
and falling water are routine. 
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Figure 1 shows how our foundry gage 
operates. Figure 2 and the table show 
the uniform moisture contents we have 
achieved by feeding data from the gage 
into a system that automatically adds 
the proper amount of water to the sand 


Source 
storage 
drum 


Dry-sand 
storage 





Solenoid valve 














' 
To molding machine 


FIG. 1. 


to maintain the desired concentration. 


Unsuitable Methods 


The method previously used for 
measuring moisture in sand involved 
taking a 50-gm sand sample once each 


é 





Neutron 
counter 














Computer 
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- 
added. 











eas 
\z) «Water meter 
Water source 


TO OPERATE moisture gage 3,200-lb batch of sand feeds automatically into 


weigh hopper, fast neutrons from source penetrate sand, are slowed by water in sand, 
then slow neutrons are detected by probes next to sources. Constant-speed motor turns 
pointer until 100,000 neutrons are counted, then motor stops with pointer indicating water 
content in sand. Operator presses buttons to dump sand into muller and automatically 


adds needed water to sand. 


(Actual installation has two mullers) 
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Neutron 
method 


Standard 





Moisture-Gage Effectiveness 


Samples 
Old method 


Total number 


No. within +0.1% 
No. within +0.05% 


With 


gage 


Without 
gage 

92 27 

41 (45%) 27 (100%) 

21 (25%) 24 (89%) 





FIG. 2. MORE UNIFORM amount of water in foundry sand 
results from use of neutron gage that measures every 3,200-ib 
batch (along with system that then automatically adds proper 





hour and comparing the sand weight 
before and after drying the sample in 
an oven. But it took about 30 min- 
utes to complete this measurement of a 
very small sample. In the meantime, 
our production process would handle 
more than 100 tons of sand. The oper- 
ator literally used his sense of feel to 
determine how much water to add to 
the sand during this time. This made 
the process depend heavily on the 
experience and artistry of the operator. 
Inaccuracies made casting scrap losses 
and rework time costly. 


A Better Way 


In a search for better measuring 
methods, we considered several using 
electrical conductivity as a gage of 
moisture content. But the presence 
of carbon (a conductor) in varying 
amounts of sea coal in the sand limited 
these. Then we considered two other 
methods—one used neutron moder- 
ation by the hydrogen in the water, 
the other relied on the attenuation of 
gamma rays. Experiments showed 
the neutron method more promising. 


Performance 


Figure 2 and the table compare the 
old and new measuring methods. The 
data for these were acquired by taking 
two 100-gm samples from each muller 
batch and analyzing them by the oven- 
dry method. Since 200 gm out of 
3,200 lb might not be a truly repre- 
sentative sample if the muller does not 
mix the sand and added water thor- 
oughly, there is a chance that these 
data might not be completely accurate 
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amount of water). 


Old method relied on slow laboratory check 


of 50-gm sample from every 100 tons of sand 


but it would be impractical to oven- 
dry a series of 3,200-lb charges). 

Other errors. The data in Fig. 2 
and the table include errors due to sand 
fall-through, water pressure and in- 
accuracies in the water meter (these 
problems have all been eliminated since 
the data taken). Fall-through 
error was due to additional sand that 
fell into the lorry after the 
feeder stopped but while the neutron 
count was in progress; 200 lb of extra 
sand could cause ~0.3% error in the 
Errors due to the 
water pressure occurred when the oper- 
ator could not manually turn the water 
feed valve off at exactly the proper 
point; now that water is added auto- 
matically this is not 
unusual piping arrangement that we 
used at first to add water to the muller 
occasionally caused the water dial to 
read inaccurately. 


were 


weigh 


moisture reading. 


a problem. An 


We still have small inaccuracies due 
to statistical errors and errors in the 
computer and neutron-scaler (the com- 
puter-scaler errors add up to ~14 deg 
on the dial—or 0.008 % moisture error). 
Statistically, the 100,000 counts we 
collect per batch result in an 0.5% 
error at the 90% confidence level, which 
in our system gives a 1.5% error on the 
dial (a 0.025% moisture error). 

Calibration. To check gage cali- 
bration periodically the operator runs 
the source and detector assembly up 
into the shield and starts the counter. 
However, with the source and detector 
retracted in the drum, the high concen- 
tration of hydrogen in the paraffin 
causes a very large field of thermal 
neutrons. So we put a_ perforated 


cadmium tube in the inner wall of the 
drum to prevent most of these thermal 
neutrons from reaching the detectors; 
we adjusted the number of perforations 
so the neutron detectors would see a 
flux nearly equal to that caused by a 
batch of sand with 2.9% water—thus 
the calibration point falls at a con- 
venient location on the indicator dial. 
This calibration feature also gives the 
operator a quick method for testing the 
over-all condition of the gage. 


Radiation Safety 


We assure safety by careful design, 
frequent inspections, simple operat- 
ing procedures and interlocks to pre- 
vent mistakes. Alpha particles emit- 
ted from the Pu*** and fast neutrons are 
Thermal- 
neutron fluxes are hardly measurable 
and no gammas were detected by any 
of the 50 film badges we used during 


the main causes of concern. 


the first month of regular operation. 
Alpha particles from the 32 gm of 

Pu**® in the 

neutron 


alpha-emitting 2-curie 


plutonium-beryllium source 
could be a hazard if the plutonium 
escapes from the source container. To 
prevent leakage we have a triple con- 
tainer. In it we have sealed the source 
inside a tantalum can, which is inside 
a weld-sealed stainless-steel container. 
This in turn is inside another stainless 
holder that is screwed shut on a com- 
pressed copper washer. Wipe tests are 
made every three months to detect any 
leakage. Even if the triple container 
leaks between wipe tests, any contami- 
nation would be confined within the 
probe itself. 


Fast-neutron flux is less than the 17- 
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neutron/em?/see recommended maxi- 


mum permissible dose (based on 40-hr/ 
wk exposure of persons over 18 years 
old to 100 mrem/wk) 


ble locations even 


8) at all accessi- 
without shadow 


shielding. To reduce personnel ex- 


posure more, we put fast-neutron shield 
blocks at strategic locations around the 
Each shield 


paraffin sealed in a metal 
thick X 20 X 13 in. (to keep 


weigh lorry consists of 
container 
~4 in. 
neutrons thermalized by this paraffin 
from entering the sand and interfering 
with the 


0.01-in. sheet of 


moisture measurement, a 
cadmium covers the 


The 


50 neutron film badges used during the 


shield surface nearest the sand). 
first month of routine operation showed 
that th 
mrems for ea h 2-wk pe riod, which is 


workers received less than 10 


less than 5% of the maximum permissi- 


ry} no T 
pie exposure 


Equipment Selection 


Calibration tests showed that if we 
are to read moisture to +0.05%, 
uracy must be 1‘ 

includes not only the 


over- 
all system act 
ter. This 1‘ 
familiar statistical error but also errors 


> or bet- 


circuit non- 
Probably the 
urate system would use a pre- 


du to relays timers 


linearities, meters, et 
ler; the answer would ap- 

as a number of counts and then 
the operato! would consult a chart to 
learn the moisture in the 


But this arrangement would be 


percentage 
sand 
inworkable under the pressure 
the 


stop 


almost 


ol manutacturing 


conditions and 


operator probably soon would 


ising the moisture gage. A more suit- 
would be to have a 
ratemeter with a large dial calibrated 

nt sand moisture, but 


able irrangement 


10st impossible to attain 


accuracy, stability and 


with any conven- 


speed ot response 
tional equipment 
a combination giving 


SO we chose 


both a and readability a pre- 


set-count scaler along with a constant- 


cur 


speed motor that drives a large pointer 
on a dial calibrated in percent moisture. 
Tests showed that this set-up has an 
uracy at the 90% confidence 

than 14‘ If the sys- 
the statistical error 
igh as 34%. So, to 


etor and make better 
int feature of the 


etter 


resent co 
aleTr we decided to use a 
ount of 100,000, which gives us 


59 ¢ 
0.02% 


preset 


an error of only with a level of 
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FIG. 3. PLUTONIUM-BERYLLIUM source tube is at center and two thermal-neutron tubes 


are just to right. 
down. 


been pulled up from shield for easier viewing. 


Teleflex cable mounted above source housing drives assembly up or 
Source-and-detector assembly shown here (without actual source in place) has 


Two paraffin-filled half cylinders (shown 


resting on top) fit into hole in upper portion of drum when the source is installed 


confidence of 90%. 

Selecting a source. To get 100,000 
counts in the less than 1 min time con- 
venient for foundry production pur- 
poses, our source must emit 2-3 X 10° 
In this range Ra-Be, 
Po-Be and Pu-Be sources were avail- 
able; we chose the Pu-Be source be- 
cause of its low gamma output, long 
half-life and favorable operating cost. 
The 2-curie source we are using con- 
tains 32 gm Pu**® and emits 2.8 < 10° 
n/sec at an average of 3-5 Mev (10.6 
Mev maximum). 

Selecting detector. 
sensitivity, for detecting the thermal 
neutrons we chose a BF; proportional 
counter over fission counters, ion cham- 


n/sec. only 


Because of its 


bers, neutron thermopiles or solid-state 
devices (4). We selected a Westing- 
house WL-6307 BF; tube because it 
was the correct size and because it had 
passed military tests for shock and 
vibration. We doubled sensitivity by 
using two of these tubes in parallel. 
Locating gage. We first tried plac- 
ing the fast-neutron source and ther- 
mal-neutron detectors in the sand 
within a large storage bin. But the 
large amount of sand in the bin com- 
pressed various parts of the sand pile 


differently, causing inaccuracies in 
gage readings. Other tests 
that the gage moisture readings are 
affected by only the 20 in. of sand 
nearest the source and detector. So 


showed 


we lowered the probe into a lorry in 
3,200-lb 
weighed before they are dropped into 
mullers that mix the sand with water 
and other additives. 


which batches of sand are 


* * * 


We wish to thank particularly Robert Kin- 
sey, Joseph Athutis and Kenneth Spray of 
our Danville plant and Alexander Somerville, 
John Danforth, Arthur Block, Alexander 
Meduvsky, Robert Black and Albert Stube of 
our research laboratory for their help. 
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> Scale for Uranium 


Base charge 
($/kg U) 


3,223.00 
4,078.00 
4,931.00 
5,793.00 
6,654.00 
8,379.00 
10,111.00 
11,850.00 
13,596.00 
14,475.00 
15,361.00 








AEC’s New Prices 
How Will They 


The recent 20-34% cut in uranium prices 
in spite of the accompanying increase in 


slightly-enriched-uranium cycles than 


by DAVID P. HERRON, American Radiator & Standard 


AEC’s NEW PRICE SCALE for enriched 
uranium (see left) and new 4.75% per 
annum use charge (/) will mean a 14- 
mill/kwh saving for natural-uranium 
reactors and twice this for slightly- 
The latter 
benefit more from the new prices than 


enriched-uranium reactors. 


the natural uranium reactors because 
they derive a smaller fraction of their 
power output from plutonium burnup. 
Should the AEC decide, however, to 
reduce its buyback price for plutonium 
in proportion to the price changes for 
uranium, the net savings for enriched 
reactors (which normally include a 
plutonium credit in their fuel-cycle 
costs) would be more nearly equal to 
that for natural uranium reactors. 

Reduced ore price. The new price 
scale is based on a price for uranium ore 
concentrates of $8.00/lb U;Os, which is 
at or slightly above the current world 
uranium market price. The former 
price scale was based on ore concen- 
trates at about $14.00/lb U;0s. In its 
announcement the AEC stated that the 
new price scale did not reflect a change 
in diffusion-plant costs; hence presum- 
ably the unit cost of separative work 
remains at $37.29/kg uranium in calcu- 
lations of the new price scale (2). 

Rather paradoxically the reduction 
in ore price, combined with the new 
rate of inventory charges, in most in- 
stances reduces the power costs for 
slightly enriched reactors more than for 
natural-uranium reactors. To demon- 
strate this let us calculate B the burnup 
cost per gram of U*** consumed from 
the equation (3) 


l Cy + Ca(Vw — Vr) 

~ 1,000 X, — Xw 
ops J 2 | a 
ehas =e 
(C is unit cost in $/kg of contained ura- 
nium; V is the value function given by 
(1 — 2X) In[{(1 — X)/X], and X is 
weight fraction U***. Subscript D re- 
fers to uranium discharged from the 
reactor, F to natural-uranium hexa- 
fluoride fed to the diffusion plant, P to 
the uranium fuel fed to the reactor, S 
to unit separative work in the diffusion 
plant, and W to the diffusion-plant 
bottom discharge (tails) at the concen- 
tration that gives minimum product 

cost.) 

The burnup cost m in mills/kwh is 


BY 
n= 
24n, 


where Y is the amount of U*** con- 
sumed or unrecoverable per megawatt- 
day of heat released and n; is the over- 
all plant thermal efficiency. 

For a reactor operating with given 
feed and discharge enrichments, the 
change in fuel-cycle cost resulting from 
the new uranium price scale is 


Y x 10°? 
24n, 


Cy+Cs Vw- Vr) 3 
A : - Sica (3) 
X-y — Xw A; 


In Eq. 3 the A term on the right is 
independent of the reactor feed and dis- 
Hence the re- 


Am = 


charge concentrations. 
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for Uranium... 
Affect Power Costs2 


means a !4—!s-mill/kwh bonus in fuel-cycle cost, 


use charge to 4.75%. The saving is greater for 


for cycles that use natural uranium fuel 


Sanitary Corp., Mountain View, California 





actor types with higher values of Y 
consumed per Mwd of heat) 
will benefit more from the new price 


TABLE 1—Burnup-Cost Saving 


gm U?3 nh ee 
Natural- 


uranium 


Slightly 


Slightly enriched reactors gen- enriched 


erally have higher values of Y than do 


scale. 
Exposure level 
(Mwd/tonne) 12,000 
un 0.30 
Initial w/o U?>) = 3.00 =—0.7115 
Final w/o U2*® 1.889 (discarded) 
Y (gm U***/Mwd) 0.958 — 
Am (mills/kwh) 0.44 0.21 


natural-uranium reactors. 10.000 


The prices published in the old and 0.30 
new price scales appear to be based 
upon the following values for Cr, Cs, 
and Xy 
Old scale New scale 
39.27 24.00 
37.29 37.29 
0.221 0.275 


C's $s kg) 
C's ($/kg) 
Xw (w/o U? 





than for the natural-uranium reactor. 
Effect of higher use charge. The 


Putting these numbers into Eq. 3 we get 


0.138Y 
m = (4) 
" 

Equation 4 allows us to compare the 
change in fuel-cycle cost for a slightly 
reactor that for the 
fuel cycle of a natural- 
In Table 
that the last line shows the saving in 


enriched with 
“throwaway” 
uranium reactor. l we see 
burnup cost for the slightly enriched 
reactor is about 0.23 mills/kwh greater 


AEC has published typical inventory 
charges for large slightly enriched reac- 
tors and for natural-uranium reactors 
based on 4% interest rate (4); we can 
recalculate these as shown in Table 2 
for a 4.75% interest rate based on the 
new price scale. 

The inventory cost shows the greatest 
decrease for the slightly enriched fuel 
cycle with stainless-steel cladding and 
the least decrease for the natural- 
uranium cycle. 





TABLE 2—Effect of New Use Charge on Inventory Cost (mill/kwh) 


Old use charge 
(4%), old price (4.75%), new price 
scale 


Slightly enriched water reactor 
Stainless-steel cladding 
Zircaloy cladding 

Natural-uranium reactor 


New use charge 
Cost 


scale difference 
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Combining the changes due to ore 
price and use charge we obtain 


Total reduction in power cost (mill/kwh) 
Slightly enriched, 

stainless-steel cladding 0.49 
Slightly enriched, 

zircaloy cladding 0.46 
Natural-uranium, 

throwaway cycle 0.22 


Effect of plutonium credit. The 
$12/gm credit offered for plutonium by 
the AEC remains in effect through 
June 30, 1963. The AEC, however, 
has not committed itself beyond this 
1963 date and states: “If the estimated 
fuel values of plutonium and U*** [now 
$12/gm and $15/gm, respectively] were 
related to the revised charges for en- 
riched uranium by the method used 
previously, they would be reduced by 
about 20%.” Plutonium credit for 
slightly enriched reactors is in the 
neighborhood of 0.75-1.0 mills/kwh; 
hence a 20% reduction would mean an 
increase in fuel-cycle cost of roughly 
0.15-0.20 mills/kwh. This increase 
does not occur in the throwaway cycle 
of the natural-uranium reactor. 
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Moditying EBWR Vessel 
for 100-Mwith) Operation 


To install larger nozzles on the reactor vessel, we removed the fuel 
and control rods, then used lead and water shielding to limit working 


radiation level to only 15 mr/hr. 


We finished the changes within 55 days 


by JOSEPH M. HARRER and THOMAS L. KETTLES, Argonne National Laboratory, Argonne, Illinois 


Upratinc the Experimental Boiling 
Water Reactor from 20 tol100 Mw(th) 
meant that we had to install larger 
(10 in. and 6 in.) nozzles and make 
other changes to the upper part of the 
reactor pressure vessel. On a previous 
occasion we had installed some small 
nozzles in the closure-ring forging, so 
we knew this type of work could be 
done even with the fully loaded radio- 
active core in place. However, ordi- 
narily neither 10-in. nor 6-in. nozzles 
are added to any type of pressure vessel 
in the field. But radioactivity pre- 
vented us from removing the vessel for 
repairs ina shop. Since we wanted to 
minimize both radiation exposure to 
our workers and the time to do the 
work, we planned and developed our 
procedures carefully in advance, then 
removed the fuel and control rods from 
the vessel so we could lower the water 
in the vessel and work on the vessel 
wall directly. 

Speed and safety. By first devel- 
oping procedures and training machin- 
ists and welders in our shop with a 
“cold” mockup consisting of a 4 x 8&-ft 
curved section of clad plate (and by 
working a 24-hr day 7 days per week) 
we finished the vessel modifications in 
just 55 days. Health physicists moni- 
tored all work to assure that no work- 
man received more than 300 mr/wk or 
100 mr in any one day. We wore air 
breathing masks at the start of each 
new machining, torch-cutting, welding, 
grinding and cleanup operation. High- 
est airborne activity was found when 
we sanded the vessel during final 
cleanup—it was 20% of the permissible 
B-+y dose rate for Co at the sander and 
5% just outside the vessel (we used 
limits for unknown isotopes until analy- 


sis showed most of the 8-y activity 
during all operations was due to Co** 
and Co); activity at both places was 
less than the permissible value for un- 


known isotopes. 


Step by Step 

We had to remove the old pipe out- 
side the vessel, then go inside the vessel 
to take out the upper shock shield, the 
6§-in. steam outlet with its dry-pipe col- 
lection ring and the upper shock shield. 
Then we added a 10-in. steam outlet 
with its steam-collection duct, a 6-in. 


Outer vessel wall ie 


TS 


aed 


FIG. 1. 


feedwater inlet, two 1!s-in. connections 
for measuring water level, three 2-in. 
connections for instrumentation, three 
l-in. connections for blowdown and a 
new shock shield. 

Removing fuel, control rods. To 
reduce the radiation level within the 
vessel, we first removed the fuel and 
control rods from the water-filled core. 
It took about 15 minutes to lift (singly) 
each of the 112 fuel assemblies and 36 
dummies into a lead-lined transfer 
cask, roll the cask over a nearby water- 
filled storage pit and lower the fuel ele- 
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ACCESS TO OUTER wall of reactor vessel was gained by removing shield blocks 


in upper pipe tunnel through shield. Then we removed 430ss wire mesh and wool 
thermal insulation, sealed annulus between vessel and steel cylinder with sheet-metal 
“window frame” and sawed through steam nozzle so we could remove steam dry-pipe 


ring from inside vessel. 


Highest background in tunnel was 10 mr /hr. when vessel was full 


of water, but rose to 30 mr/hr after we lowered water to top of thermal shield 


August, 1961 - NUCLEONICS 





; 4 
j i * 

BF i om : 

FIG. 2. TO REMOVE four lower 6.7-ft lengths of shock shield, 

we sheared off !5-in. cap screws and nuts holding sections to 

each other and to thermal shield (we retained maximum shielding 

by lowering water and platform in increments as needed to 

uncover next lower screws). Note the dark zone that begins 

~3 ft above operating water level 


FIG. 4 (below). TO SHIELD WORKERS from radiation from 
core shroud and lower vessel, we placed lead bricks on platform 
atop thermal shield; then with water level 2 in. above core 
shroud, background 3 ft above bricks was 35 mr/hr, 2 in. from 
vessel wall activity was 80 mr/hr. For first work, on upper 


perating floor evel 


i 
i 2 instrument 
nozzle 


, 
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| 

FL6" steam dry- 
/\\ pipe (removed) 


Shock shield 
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FIG. 3. RADIATION SURVEY of vessel showed that removing 
shock shield lowered 1,000-mr/hr background 6 in. above core 
shroud to 850 mr/hr (highest intensity 2 in. from vessel wall was 
1,000 mr/hr). After we washed wall six times, background 
6 in. above core dropped to 650 mr/hr (wall activity dropped 
10-20%). Note scalloped light and dark zones on wall 


water-level-measurement nozzle hole, we raised water level 
and working platform (on which we rested shield cylinder to 
reduce dose from wall) to convenient working height; then we 
lowered water level and working platform as needed to work 
on each hole on down until we got to lowest hole 


FIG. 5. DRILLING hole in closure-ring forging for one of the 
three 2-in. instrument nozzles. The reactor vessel itself was 
designed for 800 psi at 650°F temperature; its inside diameter 
is 7 ft. The vessel wall is made of 27 ¢-in. SA-212 Grade B 
carbon steel; it is clad on the inside with 0.109-in. Type-304 
stainless-steel sheet spotwelded to the carbon steel 
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ment into a boron-stainless-steel rack 
at the pit bottom. Highest back- 
ground during transfer was 200 mr/hr. 

The 10 X 10-in. X 15-ft cruciform 
control rods were too long to transfer 
in the same way until we cut them into 
5-ft pieces using an underwater saw. 
It took six 8-hr shifts to cut and trans- 
fer all nine control rods. Maximum 
background during transfer was 50 
mr/hr. 

Removing old pipe. To take out 
the old pipe and gain access to the outer 
wall of the reactor vessel, we took the 
concrete shield blocks from the upper 
pipe tunnel in the 8-ft-thick concrete 
shield, removed 14 in. of ferroboron 
plaster, 2 in. of lead shield and two 
6 X 3.5-ft pieces cut from the 34-in. 
carbon-steel cylinder that forms the 
inner surface of the shield (as shown in 
Fig. 1). 

Removing shock shield. We gained 
access to the vessel inner wall by re- 
moving the 6.5-ft-diameter shock shield 
(Fig. 2) that lined the vessel from the 
steam dry-pipe ring down 7.5 ft, where 
it bolted to the top of the thermal 
shield; the shock shield consisted of 
four 1g-in. curved sheets of 304ss bolted 
together. 

This work was difficult because the 
shock shield was quite radioactive. 
When the water was level with the top 
of the thermal shield, radiation inten- 
sity was 75 mr/hr at the vessel top and 


FIG. 7 (above). 


WELDING 6-in. feedwater nozzle to vessel shell 


using E-7015 electrodes to fill groove 


FIG. 6 (left). 


MECHANIC PREPARING to preheat steam nozzle 


and vessel before welding nozzle, liner and pipe 


1,000 mr/hr 2 in. from 
In an 


an average of 
the shock-shield inner surface. 
effort to remove radioactive deposits 
we scrubbed exposed surfaces with wet 
rags. Four washings reduced activity 
an average of 10% on vertical surfaces 
and 67% on horizontal surfaces (such 
as atop the steam dry-pipe ring). 
Activity near the core shroud did not 
drop immediately after the washings, 
but it did after about two days (by then 
the radioactive particles in the wash 
water had settled to the vessel bottom). 

The dark zone shown in Fig. 2 begins 
about 3 ft above the water level during 
reactor operation. This darkening 
might have been caused by differences 
in the action of the steam and water on 
the steel at the interface. 
The dark zone did not lighten even 
when we scrubbed it vigorously. 


stainless 


The men doing the washing and 
working on the shock shield stood on 
a bucket platform lowered into the 
the crane. To 
minimize exposure to radiation, we 
raised the water level to 2 ft below the 
top of the shock shield so men on the 
bucket platform could chip and grind 
off the upper 10 in. of the shock shield 
to get it from behind the steam dry-pipe 
ring. Figure 2 we then 
unfastened the lower 6.7-ft part of the 
shock shield. 

When we removed the shock-shield 
sections from the vessel, they measured 


vessel by overhead 


shows how 


We 
with 


at 2 in. 
tank 
various chemicals for two days, but this 


a maximum 1,250 mr/hr 
cleaned one section in a 
reduced activity only negligibly. So 
we dropped our plans to rework the 
shock-shield the 
nozzles and sent them to the burial 
ground instead. 

Removing steam ring. After we 
sealed the bucket platform to the vessel 
wall 2 ft below the 6-in.-diameter steam 
dry-pipe ring (shown in Figs. 2 and 3 


sections to fit new 


near top of vessel) and raised the water 
to just under the platform, we ground 
off the lugs supporting the ring on the 
wall, sawed the ring in half, sealed the 
two pieces and removed them from the 
vessel. 

In Fig. 3 the bottom points of the 
scalloped light and dark zones on the 
vessel wall are at the operating water 
level. The pattern might be due to the 
steam and water flow patterns caused 
by the slots in the shock shield. 


Installing New Parts 


We completed the renovations to the 
reactor vessel using the shield platform 
and working platform shown in Fig. 4. 
The working platform is shown in posi- 
tion for work on the lowest hole—that 
for the new lower water-level 
nozzle. At this the work 
platform rested on lead shielding bricks 
on the shield platform, the water level 
was 2 in. above the core shroud, and 


August, 1961 - NUCLEONICS 


1149-1n. 


position, 





workers were exposed to the highest 
working radiation background experi- 
enced during the modification work— 
15 mr/hr. 

After chipping away the spot-welded 
vessel cladding, for the steam and feed- 
nozzles we cut 165¢-in. and 
an oxyacetylene 


water 
115¢-in. 
torch and finish-ground the holes to 
get 10-deg taper. It took us 
61g days to prepare all the holes, in- 
cluding drilling a hole for an extra 2-in. 
instrument nozzle in the closure-ring 


holes with 


side 


forging shown in Fig. 5. 

We installed a stainless-steel dia- 
phragm plate for each nozzle. Nozzles 
were of carbon-steel SA-105 Grade-II 
bar or SA-106C hollow-rounds. We 
welded the nozzles to the vessel using 
E-7015 stress-relief 
peened each weld layer; gas heat pre- 
heated and held 300°F interpass tem- 

All the new 
steel (but not bonded) 
with stainless steel. Before welding 
the nozzles to the vessel, we x-rayed, 
hydrostatically tested and leaktested 
To allow differ- 


electrodes and 


perature nozzles are of 


carbon lined 


them with helium. 


ential with minimum re- 
straint, we welded the stainless liner to 


of the nozzle and to the 


expansion 


the outer ends 
diaphragm plate welded to the vessel 
cladding 

Figures 6 and 7 show the feedwater 
and steam nozzles being welded into 


place 


To show that all carbon-steel nozzle 
welds are sound and defect-free, we 
radiographed them with a 13-curie 
iridium source. We also leakchecked 
(with 200-600-psi nitrogen) the dia- 
phragm welds of nozzles that have 
monitor connections. Then we re- 
moved the shield cylinder, lowered the 
feedwater distribution ring (in halves, 
as we had removed the old steam dry- 
pipe ring) into the vessel, and welded 
the feedwater nozzle and the ring sup- 
port lugs to the inside of the vessel to 
complete the installation. (To provide 
a continuing check on leaks we monitor 
the clad :base-metal space on the steam, 
feedwater and instrument nozzles via 
14-in. pipes that pass out through the 
shield.) 

Closing upper pipe tunnel. 
welded pipes from the new nozzles to 
terminals outside the reactor shell. 
But first we matched the ends of the 
pipes and fittings before we assembled 
them and used fixtures and supports to 
We used con- 


We arc- 


assure close alignment. 
sumable rings and shielded tungsten- 
arc methods for the root passes; helium 
served as the blanketing gas within the 
pipes during welding to exclude air 
from the weld. To reduce the amount 
of helium we used, we blew up rubber 
gloves and toy balloons to fit tightly 
within the pipes. 

By using careful assembly sequence 
and mirror arrangements we observed 





EBWR CORE 
OLD vs 


POWER 


20 Mwith), 5 Mwie 


CORE 

4 x 4-ft vertical cylindrical consisting 
of 112 assemblies, each with 6 Zr-2- 
clad plates containing 1.4 %-enriched 
U in Zr-2 (average burnup now 0.2%) 


CONTROL-ROD DRIVES 
9-lead-screw-and-nut mechanisms 
driving rods through linear seals, 4-ft 
stroke 


CRUCIFORM CONTROL RODS 


5 hafnium rods 4 ft high with Zr-2 fol- 
lowers; 4 boron-steel rods 4 ft high 
with Zr-2 followers 





NEW 


100 Mw(th), 5 Mw(e) 


5 X 4-ft vertical cylinder using origi- 
nal core elements plus 32 new assem- 
blies (spikes) each with 815 gm U255 
in a UO,-ZrO, mixture in Zr tubing 
4 ft high; 49 rods/assembly 


9 rack-and-pinion mechanisms in 
thimbles; drive is through rotary 
seals, 5-ft stroke 


9 absorber rods of 2 w/o B in 304ss 
5 ft high, with unfueled Zr-2 followers 
(these are now replacing fueled 
cermet followers, which were un- 
satisfactory) 
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95% of the backs of the welds. We 
used dye penetrant to inspect root 
passes from the front side of the welds. 
All joints that had not been x-rayed in 
the shop were radiographed with a 
7-curie iridium source. 

We ground the pipe welds outside the 
shield to 3 -in. maximum reinforce- 
ment and examined them with dye 
penetrant but did not radiograph them. 

Before we refilled the pipe tunnel 
with shielding materials, we removed 
the window frame, fastened the 430ss- 
wool thermal insulation to the vessel 
wall, bolted in place the two 34-in. 
steel-plate sections, formed the 5¢-in. 
copper tubes to fit the new nozzle 
arrangement, annealed and hydrostati- 
cally tested them, poured molten lead 
against the steel plates and around the 
copper tubes, insulated nozzles and 
pipes with 430ss wool, fastened ex- 
truded metal lath to the galvanized 
sheet-metal forms that had been used 
for pouring the lead, troweled the lath 
1¢-in. thick with ferroboron plaster and 
placed steel troughs around the pipes 
to protect the insulation. Then we 
laid the concrete shielding blocks and 
covered the filled tunnel with a steel 
plate. 

After hydrostatically testing the 
vessel, nozzles and piping at 1,200 psi, 
we completed the water-level-measure- 
ment piping and terminated the steam 
and feedwater pipes for continuation by 
the plant-piping contractor. 

After all modifications 
pleted, we drained the reactor vessel 
and found that activity at the top of 
the vessel measured 15 r/hr. This 
indicates that we will face a major 
challenge when the day comes for us to 
inspect or modify parts below the top 


were com- 


of the core shroud. 
* * a 


Over 70 persons helped revise the EBWR 
reactor pressure N. Balai provided 
many answers to nozzle-design and welding 
problems. O. W. Flood, L. F. Franck, F. A. 
Simon, A. D. Paulsen, M. A. Duhatachek, 
E. F. Lewandowski, A. H. Lundin, L. 8. 
Lachnowicz, et al. of the laboratory shops fabri- 
cated and installed parts in the vessel; they 
also built and tested special tools. G. L. 
Skinkle and R. D. Wylie of Babcock & Wilcox 
Co. provided materials and technical informa- 
tion; they were particularly helpful in rushing 
to the job special welding electrodes when they 
were sorely needed. 


vessel. 
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Irradiated 
Polyethylene 
Comes of Age 


The superior properties of the irradiated material—high-temperature per- 


formance, stress-cracking resistance and a unique shrink-fitting capability— 


have spurred the commercial production of irradiated polyethylene 


by ROBERT A. WARD, Ge ne ral Electric Co . 


IRRADIATION PROCESSING of polyethyl- 
ene to improve its properties for in- 
dustrial and consumer applications is 
by now a commercial reality. Al- 
though ordinary polyethylene is in its 
own right an extremely useful material, 
its melting point is low—just above the 
boiling point of water (even the newest 
high-density versions melt below 
125°C). Treatment of polyethylene 
with high-energy radiation produces a 
material that does not melt and flow 
but retains its integrity up to its 
thermal-decomposition temperature of 
250°C (see Fig. la). Moreover irra- 
diated polyethylene, unlike most avail- 
able polyethylene materials, has no 
tendency toward environmental stress 
cracking (see Fig. 1b). These added 
advantages Table 1) herald a 
growing market for the irradiated 
material (already ~2 million pounds 
in 1961) to supplant ordinary poly- 
ethylene in present-day uses and to fill 
entirely new ones. Two of the best 
known current applications are as a 
dielectric material in the electric in- 
dustry and, more recently, as a food- 
wrap and packaging material (NU, 
May ’60, p. 122). Both of these uses 
take advantage of still another unique 
property of irradiated polyethylene— 
with proper work and heat treatment a 
film of the material will shrink to form 
a tight, void-free sheath about any 
object that it encloses (see Fig. 2). 
Irradiated polyethylene is being pro- 


54 


(see 


duced commercially by bombarding 
the polymer with high-energy elec- 
trons from resonant-transformer elec- 
tron generators 

Although a 
beam facility represents a considerable 


large 


commercial electron- 


investment for volume produc- 
tion, it is economically competitive 
with other methods if maximum uti- 
lization of the electrons is obtained. 
Irradiated polyethylene was intro- 
duced commercially in 1954 as tape 
and film for electrical insulation under 
Electric’s trademark “Irra- 
Today irradiated polyethyl- 
forms for 


General 
thene.’’* 
ene is marketed in many 

* A patent covering the electron-irradia- 
tion of plastics was recently awarded to 
Electronized Chemicals Corp. (see p. 31 
this issue; also NU Wk, 29 June ’61, p. 1). 


FIG. 1. 


(250°C) or (right) develop stress cracks in unfavorable chemical environment. 


Schenectady, New York 


A few of them 
are: Irrathene tape and film by the 
General Electric Co., 
food wrapping by the W. R. Grace 


several applications. 
Cryovace films for 


Co., and extruded parts and wire coat- 
ings by the Raychem Corp. and Radia- 
tion Materials Inc.; Sequoia Division 
of Anaconda Wire and Cable, Supre- 
nant, Radiation 
also active in the irradiated-wire field. 


Beneficial Effects 


Just what does irradiation do to a 


and Dynamics are 


polymer that has a beneficial effect? 
The answer is that 
crosslinking—the 


radiation induces 


original mixture of 


single discreet molecules becomes a 


continuous network, each individual! 


molecule tied to manv others through 


crosslinks. At room temperature, the 


IRRADIATED POLYETHYLENE does not (left) melt even at high temperatures 


Unirrad- 


iated polyethylene (right-hand samples) has both these disadvantages 
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TABLE 1—Irradiction-Induced Changes in Polyethylene 


Low-density material 


Not 
irradiated 


0.91-0.93 
Tensile strength (psi) 77°F 1,500-—2,000 
230°F 0 
Elongation (%) 77°F 200-550 
230°F 0 
212-230 
Clear 


Yes 


Specific gravity 


Melting point (°F 
Transparency 
Stress crac ks 


High-density material 


Not 


Irradiated irradiated Irradiated 


0.91-0.93 0.94-0.96 
1,500-2,000  2,800-6,400 
100 500 
200-550 25-500 
1,000 500 

none 257-275 
Clear Translucent 
No Yes 


0.94-0.96 
2,800-—6,400 
1,400 
25-500 
1,500 

none 

Clear 

No 





irradiated crosslinked polyethylene has 
the flexibility 
as ordinary polyethylene. However, 
regular melts at 105- 
135°C to form a viscous liquid that 
flows even under zero load. The cross- 
linked material does not melt in this 
way (see Fig. la). 

Instead it about 
linearly with temperatures up to the 


same toughness and 


polyethylene 


loses strength 
melting point of normal polyethylene 
and at this point levels off as a rub- 
with 10-20% of its 
strength and _ re- 


bery material 
room-temperature 
mains virtually unchanged up to its 
point above 
the 


elevated 


thermal de 
250°C. Figure 3 stress- 
strain relationship at tem- 
for low-density polyethylene 


omposition 
shows 


peratures 
rradiated to a 15 megarad dose. 

The irradiation needed to produce 
adequate crosslinking depends on the 
intended use of the polyethylene. 
Table 2 lists the doses required to 
achieve properties in a typi- 


low-density 


certain 
cal pure high-pressure 
poivmer. 
The ability 
to maintain integrity at high tempera- 


of the irradiated polymer 


tures and not drip or flow has opened 


FIG. 2. ADDED ADVANTAGE of irradi- 
ated polymer is tendency to shrink on heat- 
ing to fit contours of enclosed article 
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up a unique use for crosslinked poly- 
ethylene as a packaging material. 
Orientation or stretching of the irradi- 
ated material (by cold drawing, for 
instance) markedly increases the ten- 
sile strength, reduces the ultimate 
elongation and significantly improves 
clarity or transparency. When the 
oriented material is heated above the 
orientation temperature the stresses 
built in during the working process 
cause the material to relax and shrink 
to its original condition. Hence an 
envelope of the stretched irradiated 
material will, when heated, contract 
to form a skin-tight package about the 
article contained within (see Fig. 2). 

Table 2 shows typical data for an 
irradiated extruded low-density poly- 
ethylene film stretched after irradiation 
and then relaxed or shrunk at 150°C. 

Figure 4 shows the tensile force 
generated by the shrinking process as 
the sample is heated up. The force 
reaches a maximum at 90-100°C and 
then, as the crystallites disappear, 
drops off to essentially zero at 125°C. 
On cooling, the stress begins to build 
up again as crystallization takes place 
within the polymer. At room tem- 
perature, the film develops consider- 
able tension if it is restrained from 
shrinking all the way. When an 
object is wrapped and encapsulated by 
heating, this force compresses the film 
about the object giving a tight seal. 
Heating to 135°C or above will heat- 
seal irradiated low-density polyethyl- 
ene to itself. The advantages inherent 
in this material for packaging, wrap- 
ping and easy formation of void-free 
encapsulations are manifold. 

The other outstanding property of 
irradiated polyethylene is its resistance 
to environmental stress cracking. (In 
stress cracking, surface-active agents 


cause cracking at stress points in 
the polymer.) Under severe condi- 
tions, cracks can propagate completely 
through the material (Fig. 1b). This 
common failure of unirradiated poly- 
ethylenes is eliminated by the radia- 
tion-induced crosslinking process. The 
best unirradiated resins last only about 
1¢ to 10 hr in standard stress-cracking 
tests (time to 50% failure in glacial 
acetic acid at 50°C). All of our 
irradiated specimens of high-pressure, 
low-density polyethylene have sur- 
vived the glacial-acetic-acid test with- 
out failure for over 2,000 hr at 75°C 
and for over a year at 25°C. 


Radiation Source 


The electron beam is the one radia- 
tion source that offers many advan- 
tages for irradiating polyethylene with 
no severe disadvantages. With this 
process polyethylene can be 
linked without additives, even in the 
presence of fillers and antioxidants, 
and the irradiated materials are non- 
toxic. Operating an electron beam 
generator is a simple procedure requir- 


cross- 


ing no special skills or aptitudes; any 
alert technician can be trained for all 
phases of the job in about a week. 
The current available high-voltage 
electron beams have removed previous 
limitations on the thickness of the 
irradiated article. A 4-Mev generator, 
for example, can uniformly irradiate 
up to l-in. thickness of polyethylene. 
In addition, the electron beam is 
well suited for continuous round-the- 
clock processing. Unlike most chemi- 
cal processing, it is an instant stop-go 
operation capable of precise control. 
Open the shutter and the beam starts 
irradiating the material, the 
shutter and all reaction stops. 

On the other hand the electron beam 
is only one of many sources of irradia- 
tion and, further, irradiation is not the 
only method available for crosslinking 
polyethylene. Peroxides are efficient 


cle se 





TABLE 2—Doses to Low-Density 
Polyethylene 





Minimum radiation 


Property desired dose (megarads) 





Stress-crack resistance 1- 
Form stability 3- 
Optimum balance of 


properties 15-20 








crosslinking agents (6, 7) and combina- 
tions of peroxides and vulcanizing 
agents common to the rubber industry 
are finding favor in some specific 
applications. However, to be effec- 
tive, these curing agents must be 
added to and intimately combined 
with the polymer and this immedi- 
ately suggests a possible liability. 
The additives in use today, or their 
residues, can migrate out of the poly- 
mer and cause contamination corrosion 
and electrically conductive surfaces. 
This disadvantage may rule out 
chemically crosslinked materials for 
food packaging and limit their use as 
electrical insulation. From the process 
point of view, chemical curing also 
presents a practical problem. The 
vulcanizing or crosslinking agents must 
be thermally activated by heating at 
temperatures considerably above the 
melting point of polyethylene; hence, 
the polyethylene must be held in 
shape as a viscous liquid before the 
crosslinking process begins. Unless 
the polymer is reinforced or contained 


in a mold, close tolerances cannot be 
maintained. Production of free film 
by this process, for example, is not 
practical. 

Radiation from isotope sources and 
artificial ultraviolet light also produce 
crosslinking in polyethylene (8). With 
these one “sensitizers”’ 
swollen into the polymer which de- 
compose under irradiation to enhance 
the formation of radicals and cross- 
linking. Here again the need for ex- 
traneous materials and the process for 
putting them into the polymer limit 
usefulness. The relatively small pene- 
tration range of the ultraviolet light 
and the inhibition of this type of 
radiation by pigments and ultraviolet 
absorbent (needed for outdoor weather- 
ing resistance of the irradiated product) 


sources uses 


are further limitations. 

The electron-beam 
however, require large-volume 
duction to be economical because of the 
initial cost of the generator equipment 
and facilities to house the equipment 
Actual costs 


process does, 


pro- 


and to shield personnel. 
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200 600 
Strain (% elongation) 











FIG.'3. STRESS vs. STRAIN as a function 
of temperature in 10-mil Irrathene film. 
Polymer was irradiated to 15 megarad 





Shrinkage Force(psi) 








50 100 
Temperature (C) 











FIG. 4. SHRINKAGE FORCE vs. tempera- 
ture in irradiated low-density polyethylene. 
Polymer is in state of tension on cooling 





Exactly how does high-energy ra- 
diation act on the polymer to form 
crosslinks? The thinking on this 
question (1-4) can be summarized as 
follows: Interactions of the incident 
radiation with the polymer produce 
free radicals randomly distributed 
throughout the material. These radi- 
cals are simply polymer chains that 
have lost a hydrogen atom. (Such 
radical pairs are formed when a free 
hydrogen atom abstracts a hydrogen 
atom from an adjacent polymer chain 
or when a radiation event removes two 
hydrogens.) Two neighboring radi- 
cals (see Fig. 5) combine or crosslink 
at the vacated sites provided they are 
capable of a certain minimum amount 
of movement. Two adjacent hydro- 
gen atoms lost from the same mole- 
cule can result in an intramolecular 
bond formation or trans-unsaturation. 
Minor amounts of main-carbon-chain 
scission can also take place. 

Since crosslinking between mole- 
cules occurs only in amorphorus 
(noncrystalline) regions of the poly- 
mer -where the radicals have the re- 
quired mobility, one would expect that 
the radiation response of various poly- 
ethylene polymers is highly dependent 
on the state of crystallization; the 





How Radiation Brings About Changes in Molecular Structure of Polyethylene 


amount of branching and the tem- 
perature of irradiation. 

Detailed studies (5) of the effect of 
physical state, (the degree of crys- 
tallinity and temperature of irradia- 
tion) on the crosslinking efficiency of 
polyethylene confirm this expectation. 
Figure 6 shows the percentage of non- 
linking (fraction of material insoluble 
in boiling toluene) plotted against the 
irradiation dose for a typical crystal- 
line high density polyethylene. Ir- 
radiation at room temperature in the 
crystalline state shows poor response 
to the irradiation compared to the 
response at 150°C where the polymer 
is completely amorphous. Since the 
same radiation dose should form the 
same number of radicals at both tem- 
peratures the question arises as to 
what becomes of the great number of 
radicals not consumed in the cross- 
linking at the low-temperature irradi- 
ation. These radicals remain trapped 
as active agents in the crystalline 
regions of the polymer ready to com- 
bine with atmospheric oxygen and 
degrade the polymer through chain 
scission and embrittlement. To 
avoid these effects the radicals must 
be removed by annealing or by treat- 
ment with chemical additives. 


— 


Lhe siieameiidaiicteien J 
FIG. 5. EFFECT OF RADIATION on 


polymer results in cross linking, intra- 
molecular bonds and scission 
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Irradiation Dose (megarads) 





Percentage of Chains Cross- 
linked (toluene insolubles) 








FIG. 6. CROSSLINKING vs. irradi- 
ation dose for high density poly- 
ethylene irradiated in crystalline 
(25°C) and amorphous (150°C) states 
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FIG. 7. 


FILM IRRADIATION SCHEME assures uniform dose. 


Each set of rollers carries 


film through electron beam a number of times; film side is reversed on second set of rollers 


must be calculated for each specific 


operation because the dose level and 
utilization of the available energy 
usually the parameters. 
Electron-beam generators can cost in 
the $50,000-$300,000, 
pending on the power output and type 
In terms of cost per 
resonant-transformer 
between 


are 
overriding 
range ol de- 
of equipment. 
ol 
types, tor 
$10,000 and $15,000/kw output and 
electrostatic generators range up to 
$35,000/kw. Accelerators in the $5,- 
000 to $15,000/kw range have been 
reported (NU, August ’60, p. 52). 
Actual operating costs, including main- 


unit energy, 


example, range 


tenance and power but not amortiza- 
tion of initial investment, presently 
run 35-50¢/kwh 
formers and $1.00/kwh for electrostatic 


flor resonant trans- 


manufac- 


of 


machines Beam-generator 


turers look toward future costs 
10—20¢ 

Beam utilization. 
cost money, complete utilization of the 
electron beam is important. Electrons 
lost they 


scatter beyond the width of the mate- 


kwh 
Because electrons 


are usually in two ways 


rial being irradiated and they pass 


through the material without being 


absorbed Figure 7 shows an irradia- 
tion arrangement used by GE for film 


or flat-sheet polyethylene designed to 





TABLE 3—Shrinkage versus 
Orientation” 


Prestrete nie ( Shrinkage 150°C 


1lO% 5% 
15% 


— oF 
io'% 


100% 


S00 © 


io 


low-density polyethylene. 


* Irradiated 
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minimize the losses. A web is built 
up of a number of layers to provide the 
cumulative thickness sufficient to ab- 
sorb all electrons. In the continuous 
irradiation process of Fig. 7, film passes 
through the beam area many times on 
either of the two sets of rollers absorb- 
ing an incremental dose each time. 
This results in uniform irradiation 
along the film length. 

The distribution of dose in the lateral] 
direction depends on intensity and the 
lateral distribution of radiation and the 
width of the film and its distance from 
the exit window of the 
In Fig. 7 the inner edges of the two 
parallel webs of film receive the most 
intense radiation. The inner edge of 
the web on the first set of rollers is 
transposed so that it the 
outer edge of the web on the parallel 
set; and hence, receives a lower level 
of radiation as it passes through the 
electron beam a second time. Radia- 
tion-dose gradients of less than 10% 
can be obtained with this arrangement 
even when the energy is from a point 
source and has a conical distribution 
of intensity. 

Polyethylene-insulated 
be handled somewhat differently from 
film. has reported full 
detail on a commercial process (15). 
Briefly, festoons of wires are arranged 


generator. 


becomes 


wires must 


Sequoia in 


so that a single wire moves laterally 
across the width of the electron beam 
during multiple passes to accumulate 
a uniform integrated Proper 
roller or spindle design twists the wire 
on its own axis to counteract the 
shielding effect of the copper wire. 
Large-diameter thick-walled cable can 
be irradiated in much the same way, 
but should be rotated directly in the 
electron beam so that the heavy tan- 


dose. 


gential thickness gets a uniform dose. 

Molded parts present more of a 
problem. Multiple passes under the 
beam in different positions, tumbling 
or reflection of the beam to restricted 
portions of the article being irradiated 
have been used to achieve uniform 
irradiation. Usually the efficiency of 
beam utilization in this type of opera- 
tion is considerably less than that 
obtained with continuous materials 
like wire, sheet or film. 

The dose given the material is easily 
controlled by governing the voltage 
and current of the generator, position 
of the article in reference to the source 
window and the duration of time in 
the radiation field. The currents to 
the scan coil and the tube-envelope 
temperature are useful in checking 
that the scan-circuit is operating cor- 
rectly and assuring that none of the 
electrons are being dissipated within 
the equipment. Many monitoring sys- 
tems are available that have proven 
useful for measuring the actual inci- 
dent or absorbed radiation (NU, Oct. 
59, p. 57). Most involve bleaching 
of dyes (11, 12), easily measured 
physical-chemical changes (13, 14) or 
direct measurements of the radiation 
field itself, such as ionization chambers 
or the heat built up in thermocouples. 
The latter two are best suited for con- 
tinuous monitoring. 

One usually supplements the control 
measurements with a direct measure 
of the effects of irradiation the 
product through a measurement of 
Stress relaxa- 


on 


some critical property. 
tion of film, deformation of wire coat- 
distortion of molded 
These give posi- 


ings or heat 


articles are common. 
tive proof that the material is correctly 
irradiated and yield the dose level from 
calibration curves. 
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Semiconductors 
Yield Improved 
Electron 

Multiplier 


FIG. 1. 


NEW MAGNETIC ELECTRON MULTIPLIER (within white 


circle) is dwarfed by 19-stage electrostatic multiplier it replaces 


Marriage of the semiconductor and the magnetic electron multiplier 


has produced a detector that is extremely sensitive and fast and yet 


is very small in physical size and practically noise free 


by FREDERICK A. WHITE, JAMES C. SHEFFIELD and WILLIAM D. DAVIS* 


Knolls Atomic Power Laboratory, General Electric Company 


THERE is an increasing demand in 
fields such as mass spectrometry for a 
positive ion detector that can measure 
ion currents as low as 10~'*-10—'* amp 
—that is, count single positive ions. 
Moreover to carry out the sophisticated 
mass-spectrometer measurements that 
are becoming so important to nuclear 
technology (see box), the physical size 
of the detector must be small. For 
example, one would like to set two de- 
tectors side by side to count simultane- 
ously the ions from two isotopes differ- 
ing by only a single mass unit. But in 
a conventional mass spectrometer the 
dispersion (or physical separation) of 
the two beams at the point of detection 
is of the order of \%o in. 

We have been able to achieve both 
of these goals—extreme sensitivity and 
small size—in the form of a magnetic 
electron multiplier with semi-conductor 
dynodes (Figs. 1 and 2). [In a mag- 
netic electron multiplier (Fig. 3) per- 
pendicular electric and magnetic fields 
cause the secondary electrons to move 
in cycloidal trajectories in the space be- 


* PRESENT appREss: General Electric Re- 
search Lab., Schenectady, N. Y. 
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tween the two parallel plate dynodes; 
each cycloidal loop corresponds to a 
multiplication stage in a conventional 
electrostatic multiplier. | 

In addition to size and sensitivity, 
the new detector operates with virtually 
no noise, can be used as a windowless 
counter in vacuum systems, and does 
away with the “resistor string” usually 
needed to supply dynode voltages. 

The detector has proved to have 
19-stage 
had 


mass 


many advantages over the 
multipliers (1) we 
fabricating for use with 
spectrometers. The latter detectors 
fof the Allen type (2 could, with suit- 
able pulse selectors and scaling circuits, 


be pushed almost to the desired limits 


electrostatic 


been 


of sensitivity; their large physical size, 
however, all but precluded arrange- 
ments such as the dual detector system 
[Two 19-stage 
multipliers have been used on a multi- 


mentioned above. 


stage spectrometer (3), but only under 


rather special conditions.]| 


Multiplier Description 


The magnetic electron multi- 
plier differs from previous models (4, 6) 


new 


Schenectady, New York 


in that its dynodes are made of a bulk 
semiconducting material (silicon)* (see 
rather than 
serving as the 


Fig. 2) metallic oxide. 
Besides 


dynode structure the silicon also pro- 


mechanical 


vides the high electrical gradient needed 
to accelerate the secondary electrons. 
Dynodes formed of solid semiconduct- 
than 
metallic oxides on an insulating base 
offer 
form potential gradients can be applied 
“burnout”; 
this allows a device with high gain per 
unit length. 


ing material rather films of 


several advantages. High uni- 


to the dynodes without 


The semiconducting sur- 


faces need no treatment or special 
“activation” and the device can be ex- 
posed to the atmosphere indefinitely. 

A disadvantage is that, at present, 
the dynodes must be cooled to make 
their resistivity suitably (Other 


semiconducting however, 


high. 
materials, 


may soon be available which will oper- 


*Interest in semiconductors originally 
stemmed from related work by one of the 
authors that demonstrated the ability of 
very small semiconducting crystals to de- 
tect positive ions and alpha particles (4); at 
present the crystals appear limited to ions 
of high energy and low mass (50-kv He 


10ns) 
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A 
Sapphire insulators 


FIG. 2. PHYSICAL ARRANGEMENT of semi- 
conductor dynode slabs in multiplier 


ate at room temperature). This incon- 
venience of cooling is compensated by 
the distinct advantage that the device 
has a or “dark 
current” This fea- 
ture makes the device a candidate for 


thermionic emission 


of virtually zero. 


applications that involve exceedingly 
iow counting rates. 

The two slabs shown in Fig. 2 that 
form the parallel plate dynodes are of 
The re- 
sistivity of this material is of the order 
of 10 


n-type gold-doped silicon. 


ohm-cm at room temperature. 
At an operating temperature of — 50°C, 
increases to 
large 
enough to maintain high voltage gradi- 


however, the resistivity 


approximately 10’ ohm-cm 
ents with only microampere currents. 
The dimensions of the pieces sawed 
from the 
0.5 mm thick. 
engths are needed to obtain a gain of 
10 The 


serves as 


ingot were 2 em X 5 cm and 


In practice only 2-cm 
additional length merely 
a mechanical support that 
onnects to a copper cooling block at- 
tached to the Dewar cooling reservoir. 
Thin sapphire wafers between the sili- 

n slabs and the « opper block provide 


Trajectory of 
secondary 


Fae beam, 
/ photons, etc 
| + electrons \ 


E (electric field) y 


| + 
Semiconductor 


Magnetic fieid siete 


perpendicular 
to paper 


FIG. 3. ELECTRON TRAJECTORY in E and 
M fields between parallel-plate dynodes 


electrical insulation and at the same 
time the thermal conductivity needed 
for cooling. A 1-mm-thick sapphire 
piece functions as a spacer and insulator 
between the two parallel silicon slabs. 
The high-voltage wires, after receiving 
an ultrasonic “‘tinning,” are soldered 
across the leading edges of the multi- 
plier. The low voltage end of the 
semiconducting slabs are painted with 
bright gold. Thin copper foil forms 
the low bias voltage and ground con- 
nections (the latter is sometimes also 
connected to a small bias potential). 
The collector (shown schematically in 
Fig. 3) is a folded metallic ribbon insu- 
lated from the slabs by a mica sheet. 

The gain or amplification of the semi- 
conductor multiplier can be varied over 
a wide range. The total current gain 
is Ky", where K is the average number 
of conversion electrons generated from 
the primary particle or photon, y is the 
average secondary electron yield per 
“stage’”’ or cycloidal “loop,” and n is 
the effective number of “‘stages.”” In 
the present device a 10-kev positive ion 
yields 2.5 secondary electrons. 





Mass Spectrometry in Nuclear Technology 


The art of mass spectrometry holds the key to many sophisticated measure- 
Measurements of atomic burnup, neutron-capture 
cross sections and power distribution studies in reactor cores depend on the 
ability to determine precise ratios of isotope abundance, often from micro- 
For instance, studies that involve isotopes 
formed by neutron capture pose the problem of measuring the small fraction of 
atoms converted from mass m to mass m + 1. 

In the field of radioactive tracers, the number of radioactive isotopes available 
In many instances stable or long-lived isotopes whose mass ratios 
can be accurately determined in a mass spectrometer offer significant advan- 
both in sensitivity and precision—in competition with radionuclides. 


ments in the nuclear field. 


microgram quantities of material. 


is limited. 


tages 
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FIG. 4. MULTIPLIER COUNTING RATE as 
field changes in mass spectrometer 


Both gain per stage and total number 
of stages depend on the voltage gradient 
and the externally applied magnetic 
field. For a fixed voltage gradient, an 
increase in the magnetic field increases 
the number of stages per unit length 
but decreases secondary-electron yield 
per stage. Thus the device exhibits a 
broad maximum with respect to vari- 
ations in magnetic field. The radius 
of the cycloidal generating circle is 
equal to mE/eH?. Figure 3 also indi- 
cates that the intercept of the cycloid 
on the lower dynode (and hence the 
interstage distance) can be varied by 
the bias voltage. For a voltage gradi- 
ent of 1,500 volts/cm, a bias voltage of 
500 volts, and a magnetic field of 1,000 
gauss, the radius of the generating cir- 
cle is approximately 0.3 mm. This 
corresponds roughly to an interstage 
distance of 1 mm. 


Mass Spectrometer 


As an example of the multiplier’s 
performance Fig. 4 shows its response 
as an ion detector for a mass spec- 
trometric analysis of europium. The 
detector was placed in the fringing field 
of the magnet of an 180-deg mass spec- 
trometer at a point where the field 
strength approximately 1,000 
gauss. We recorded counts as we in- 
creased the field at a uniform rate past 
the two magnetic-field values at which 
Eu'* and Eu! ions enter the multi- 
plier. The counts for the two isotopes 
of europium are displayed at two differ- 
ent magnetic “sweep” or scan speeds 
and at two different positive ion cur- 
rents. The 3-min sweep is a recorder 
readout of the pulses from the multi- 
plier, after they have gone through an 
amplifier, pulse-selector, a scaling cir- 
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was 





FIG. 5. MULTIPLIER PAIR performs simul- 
taneous count on ion beams one mass unit 
apart in 180-deg mass spectrometer 


cuit and a counting-rate meter. 

To demonstrate the zero “dark-cur- 
rent” advantages of the device, the 
positive ion beam current was reduced 
so that only about 1 ion/sec was inci- 
dent on the multiplier (comparable to 
background currents of many conven- 
tional devices). The magnetic sweep 
was adjusted so that an 8-min interval 
was required to ‘‘scan’’ three mass num- 
bers. The total of 129 positive-ion 
counts detected by the magnetic multi- 
plier determine a value for the isotopic 
ratio that agrees with the accepted one 
within the statistical error. Thus the 
magnetic multiplier arrived at an ap- 
proximate isotopic abundance ratio 
through analyses of only ~3 X 10-7° 
grams of the two isotopes. 

Of even greater interest is the single 
count observed at the 152 mass posi- 
tion, the only pulse recorded in the 
four-minute magnetic sweep between 
the 151 and 153 positions. This single 
count is not a background count, but an 
actual “impurity” peak (probably 
Sm!'**), which was observed in the 
spectrum at higher ion-beam intensities. 

An appreciable gain in ion collection 
efficiency can be achieved by the simul- 
taneous detection of two or more iso- 
topes with a system like the double 
magnetic multiplier assembly shown in 
Fig. 5. This device has a fixed “dis- 
persion” (distance between the two 
dynode pairs) corresponding to the 
mass separation of adjacent barium 
isotopes in a 180-deg, 30-in.-radius 
mass spectrometer. We are now con- 
structing a double multiplier with a 
variable interelectrode spacing that 
will separate any two adjacent mass 
numbers. 
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Semiconductor slabs 


High voltage 


FIG. 6. SEMICONDUCTOR-DYNODE STACK would indicate direction of ionizing particle. 


Incident angle @ is related to ratio of pulse heights from successive dynode pairs. 


Stack 


would be similar in function to emulsion stack now used 


In practice the maximum counting 
rate is a function of the steady-state 
current flowing through the semicon- 
ductor slabs. At dry ice temperatures, 
the gold-doped silicon slabs pass a cur- 
rent of 1 wa at 2,500 volts. For fast 
10° counts/sec or 107'4 
would make the 


counting (e€.g., 
amp), a gain of 10° 
output current equal to 1% of the 
“bleeder” current. At counting rates 
of 10° per second and greater, a vari- 
ation of bleeder current was, in fact, 
In principal, however, there 
are few limitations to either high-or 
low-counting-rate applications of the 
device. The exceedingly short total 
trajectory of the electrons (10~° sec) 


observed. 


gives a rise time considerably less than 
that of most electronic circuitry. 


Other Applications 


A number of other potential applica- 
tions of the semiconductor magnetic 
multiplier appear intriguing, although 
only a few tests have been made to 
date. Asa particle detector the multi- 
plier performs as expected with alpha 
particles and presumably will detect 
any particle that can be detected by a 
A B'® coating 
leading edge of the device 


conventional multiplier. 
along the 
would convert it to a neutron detector 

the alpha particles from the (n,a) 
reaction would generate secondary 
electrons. 

Figure 6 demonstrates another possi- 
ble application. Consider a high- 
energy particle B incident on an assem- 
bly or matrix of semiconducting slabs. 
The range of the particle could be given 
by the number of multipliers or chan- 
nels triggered. Directional paths could 
be estimated by analyzing the pulse- 


height distribution from the slab array 
in suitable output circuits. Silicon 
radiation 


absorbs approximately as 


aluminum does; hence a matrix of 
eight thin slabs (~0.005 in. thick) 
could probably be constructed for high 
energy protons, deuterons or other par- 
ticles from accelerators. 

Because of the negative temperature 
coefficient of resistance of gold-doped 
silicon the multiplier could measure 
the environmental temperature at the 
same time it is counting particles. 
With a high-impedance voltage source, 
the gradient along the slabs and hence 
the pulse heights will decrease with 
increasing temperature. This dual 


might be useful for 


function space 
missions. 

The multiplier also might function 
as an image intensifier. Although no 
tests have been made, it is conceivable 
that any initial geometrical distribu- 
tion of secondary electrons produced at 
the input would be preserved during 
the multiplication process and give a 
duplicate image at the output on a 
fluorescent other readout 
device. Thus 
plify either light or electron images. 


screen or 
the device would am- 


* * . 


It is a pleasure to acknowledge the collabora- 
tion of Robert Thomas and David Hartman of 
the General Electric Semiconductor Products 
Division. Without their assistance in sup- 
plying material, this work would not have been 
possible 
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The specialists at General American’s 
Kanigen plant in Sharon, Pennsyl- 
vania can deposit an even coating of 
hard nickel alloy on most ferrous 
metals in common use. Regardless of 
how high, wide or heavy the object 
is, if you can get it to Sharon, we 
can plate its interior. 


3efore General American developed 
Kanigen coating, it was next to im- 
possible to deposit an even nickel 
plating over very large surfaces or on 
many complex shapes. Since Kanigen 
nickel plating is purely a chemical 


IF YOU CAN 
SHIP IT 


WE CAN PLATE IT! 
NO MATTER WHAT THE SIZE 
OR SHAPE OF YOUR PRODUCT, 
IT CAN BE COATED BETTER 


WITH KANIGEN 


NICKEL ALLOY 


Kanigen Division 


process involving no electric current, 
it works equally well on simple or 
complex shapes and on small or large 
surfaces. Thickness uniformity of 
the coating is independent of part 
complexity or size. 


Only General American and its 
authorized licerisees around the world 
can show you how Kanigen coating 
may improve your product. The 
Kanigen process is protected by 
more than 30 separate patents. For 
detailed technical literature, write 
for bulletin No. 561. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


125 South LaSalle Street, Chicago 3, Illinois 
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Keeping health-physics records can 
be as difficult as getting them, espe- 
cially if you have several thousand 
workers building nuclear submarines. 
So Electric Boat has devised a punched- 
tally system to tell quickly which men 
are qualified to work in radiation areas 
and which are not. It saves the many 
man-hours that used to be wasted as 
men stood in line to have records 
checked. 

Each man starts with a blood count, 
which, when satisfactory, qualifies 
him to receive 16 weekly tally cards 
printed on a Dennison Dial-Set ma- 
chine. As he goes to work, he picks 
up a dosimeter and this week’s card, 
which is his admittance to a radiation 
area. As he leaves he _ surrenders 
card and dosimeter to an inspector 
who adds the dosimeter reading to the 
total on the card and returns the 
card to the man’s folder. When any- 
thing is wrong (large accumulated 


DIAL-SET PRINTER prepares cards on which Electric Boat records radiation exposures 


exposure, blood count due) a colored 
flag from another pocket in the folder 
goes in front of the dose-record card to 
tell the inspector that special action is 
required when the man appears for 


Tracers and Automation Determine 


BLOOD-VOLUME MEASUREMENT requires 
counts of tracer (top), preinjection blood 


{center), postmixing blood (bottom). 


Computations are automatic 
62 


In less than 15 min a surgeon can 
determination 
accurate A small cart that 
he can roll up to the patient’s bed or 
operating table contains not only all 


have a blood-volume 


907 
to ~2Z%. 


the counting equipment for an isotope- 
dilution determination but also the 
logic elements to compute his answer. 
The system, which is manufactured by 
Atomium Corp, an affiliate of Perkin- 
Elmer, has been developed by John A. 
Williams and Jacob Fine of Beth 
Israel Hospital, Boston, and Harvard 
Medical School 

Measurement of the two to six quarts 
of blood in a human system has always 
difficult, but significant. 
Chronically ill persons may have 40% 
more or less blood than their normal 
volume, but the central nervous system 
the blood 
them to expand so that you might never 
know. If 
patient may die of shock on the operat- 
ing table; if 
rapid transfusion may fatally overload 


been very 


squeezes vessels or allows 


you underestimate, your 


you overestimate, too 
the cardiovascular system. 

Yet until radionuclide 
tions came along, most determinations 


determina- 


were wildly inaccurate. Three physi- 


After 16 weeks the 
cards are gone; a new blood-test is 
required, and the cycle starts over 


work tomorrow. 


again with a new set of cards that is 
good for the next period. 


Blood Volume 


blood 


clinical observa- 


tried to estimate 


usual 


cians who 


volumes from 
tions found that they were right in onl 
four out of 32 tries. Various dye and 
dilution methods (with distilled water, 
carbon monoxide, red dye and Evans 
blue) are better—-but not good enough. 

Radionuclides do a better job, and 
the new method speeds and simplifies 
the measurement. With the Atomium 
device (‘“Volemetron’’) the doctor uses 
a set of push buttons to make the neces- 
sary counts (patient’s blood before in- 
jection, syringe with tracer, syringe 
after injection to account for tracer 
left in syringe, patient’s blood after 
10-12 The 
appears on a meter calibrated in liters. 


min of mixing). answer 
Iodine-labeled protein measures total 


cells 


can 


chromium-labeled red 
You 


make as many as five determinations 


volume; 


measure red-cell volume. 
in a row with permissible amounts of 


tracer and still get results accurate 
within 5%. 

A valuable 
plicity: no 


metric pipettings, aliquot dilutions nor 


characteristic is sim- 


special glassware, volu- 
specially trained personnel are required 
for operation of the system. 
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FOR YOU TO 


ADVANCE THE 
STATE OF THE ART 


The Westinghouse Testing Reactor facility in 
Waltz Mill, Penna. provides the reactor designer 
with a completely instrumented facility from which he can derive empirical data to correlate with his design 
equations. This kind of “in-field” approach enables Westinghouse to stay in the forefront of reactor technology. 


FORA 


LARGE SCALE 
EXPERIMENTAL 


REACTOR 


Westinghouse scientists and engineers will soon 
enjoy the unique technical experience of being 
able to work directly with a 5 electrical megawatt closed cycle water reactor at Saxton, Pennsylvania that 


will supply electricity for a portion of the GPU System. The entire experimental program for this installation 
will be centered around concepts aimed at significantly reducing the cost of producing nuclear power. These 
experiments will entail work in almost every phase of reactor development. 

Career openings for qualified scientists exist in many areas. Some of these areas are listed below. 


PHYSICIST: Capable of independent work in 
reactor physics, to direct research and devel- 
opment on advanced reactor concepts, or to 
perform and direct reactor physics and nu- 
clear design work on cores nearer completion. 


SENIOR STRESS ANALYST: To conduct test 
programs for the analysis of stresses in reactor 
components with emphasis on thermal stresses 
due to internal heat generation. Requires an 
M.S. or Ph.D. degree in Applied Mechanics or 
a closely related field with 3 or more years 
experience in stress and vibration analysis. 
Should have experience in plasticity and fa- 
tigue analysis and a familiarity with reactor 
materials and their behavior. 


SENIOR ENGINEER: Atioy development on re- 
actor materials and fuels with particular em- 
phasis on control rod and cladding materials. 
M.S. degree in metallurgy with three years 
experience in reactor materials. 


ENGINEER: To perform analyses and detail 


specifications of fuel cycle requirements for 


WTR; to perform analyses of experiments to 
be inserted in the reactor. Must be able to 
determine reactivity losses associated with 
fuel depletion and experiments inserted or 
removed from the reactor. These analyses will 
include neutron flux perturbation, power pro- 
duction and safety analysis of experiments 
and their effect on the reactor. Must possess 
a B.S. in reactor engineering or an M.S. in 
physics with two years experience in nuclear 
design of reactors. 


ENGINEER OR SCIENTIST: To perform re- 
actor physics calculations on reactor cores 
which involve problems of the development 
and application of theoretical methods, 
founded on basic theory, to technical pro- 
grams concerned with the design and con- 
struction of large power reactors. M.S. degree 
in physics or nuclear engineering. 


SCIENTIST: involves the mathematical analy- 
sis of problems in reactor physics and engi- 
neering with emphasis on the development 


of digital computer programs or adaptation of 
existing programs to meet special! require- 
ments. B.S. degree in mathematics, physics 
or engineering with emphasis on applied 
mathematics and experience in digital com- 
puter applications. 


MGR. PHYSICAL METALLURGY SECTION: 


The position requires a man well rounded in 
the fundamentals of physical metaliurgy and 
with 5 to 10 years experience. Must be ex- 
perienced with the effects of radiation on 
metals both fuel bearing and non-fuel bear- 
ing. The position will also involve stainiess 
steel and carbon steel alloy development and 
development in the field of other high tem- 
perature metals and ceramics such as 
graphite, berylilia or other ceramics used in 
the nuclear industries. A strong foundation of 
physical chemistry is desirable since there 
will be problems concerning corrosion. Must 
be able to assist project design engineers in 
problems regarding the fatigue, creep and 
brittle fracture of metals and alloys. 


All qualified applicants will receive consideration for employment without regard to race, creed, color, or national origin. 
if you qualify for any one of the above positions, write immediately to: Mr. C. S. Southard, Westinghouse Atomic Power Division, P. 0. Box 355, Dept. Y-13, Pittsburgh 30, Pa. 


Westinghouse 
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Testing Irradiated Fuel at Hanford 


by JOHN M. FOUTS, Hanford Atomix 


Improving the radiation lifetime of the natural-uranium, 
aluminum-clad production fuel is a major activity at Han- 
ford. Laboratory researchers are seeking out the combination 
of water quality and aluminum alloy that gives the optimum 
corrosion resistance under irradiation; they are trying new 
uranium-fabrication techniques to achieve fuel elements with 
greater dimensional stability; and they are studying ways to 
improve the metallurgical bond between the uranium core and 
the aluminum can. Essential to these efforts is Hanford’s 
on-site facilities for examining irradiated test elements as 
they emerge from the reactor. Shown here 
Hanford has developed to check corrosion, dimensional 
stability and bond integrity. 


is equipment 


CORROSION ANALYSIS of irradiated 


Jan. ’56, p. 30). The slug is then 


Products Operation, General Electric Co., Richland, Washington 


aoe a | 


- .* 














Cartridge 
lifter 
Balance 
keyboard 


Tank flood 
valve 


Lead shield = 
£ 


balance at a console directly above. 


fuel consists of a comprehensive visual 
examination combined with accurate 
weight determination by remote weigh- 
ing equipment pictured above, right. 

A discharged slug is first examined 
for signs of localized corrosion attack 
through a binocular periscope (not 
shown) while it is held and rotated 
under 17 ft of water by a remote ma- 
nipulator. The slug is next dipped in 
chromic-phosphoric acid—a mixture 
that dissolves the corrosion film without 
attacking the aluminum can wall (NU, 


weighed in the underwater weighing 
equipment to an accuracy of 1 part in 
100,000, and the loss due to 
corrosion determined by comparison 


weight 


with the preirradiation weight. 

The weigher accommodates 16 fuel 
elements in the underwater tank at a 
time. Prior to weighing, the water is 
pumped out of the tank, and the cart- 
ridge, slugs and weigh rod are dried in 
Bac h 


placed on the weigh rod and weighed 


warm air slug is remotely 


with a key-board-operated analytical 


The weight loss, correlated with the 


visual examination, gives a complete 
A weight loss 
distributed 


would not be 


picture of the corrosion. 
of 10-15 
over the entire surface 


gm, uniformly 
serious; however, if visual examination 
indicates a localized attack, this same 
weight loss would be a serious problem. 
The figure above, left shows a fuel ele- 
ment with a weight loss of only 5.3 gm 
but in which localized cavitational] 
erosion attack has exposed bare ura- 


nium to the cooling water. 


BOND TEST employs underwater ultra- 
sonic tester (at top, opposite page) to 
check on the metallurgical bond be- 
tween the uranium core and the alumi- 
num cladding after irradiation. Tester 
works on the pulse-echo principle and 
is similar to the equipment that bond 
tests all production fuel prior to irradi- 
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Test Equipment 











61, p. 92). The 

ig, rotating at 180 rpm 
lig in. per 

lution, spirals past a quartz crystal 
interrog: g surface with 
20-megacycle pulses at a repetition rate 
of 3,000 pps. When a pulse hits an 
inbond area, vibrations set up in the 
wall alter the shape of 
As the at the 


opposite page shows, the 


unbonded 

the echo pi hgure 

bottom of the 
ho decavs at a lower rate and ex- 


iggles in the pulse trace. 


hibits v 


The numbers quoted above corre- 


ond t IS interrogations/cem along 


traced on the 
or 0.02 in. betwe 


spiral path fuel sur- 
en interrogations. 


ester will measure either the total 





Monipulator 


Optical Profilometer 











DIMENSIONAL STABILITY of irradiated 
d by optical profilometer 

The fuel element held 

hucks of an under- 

moved through a 
optical system 


ottom shadow of 


gnified 25 times 


ur screen. Figure at 
e is the shadow of an element 
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unbonded area of a fuel element or 
sizes of individual unbonded regions. 
Each 8.9-in. slug requires 40 sec to test. 
A calibration is run twice daily with a 
standard slug containing two unbonded 
areas, each 3.8 cm in length, one 0.60 
0.65 cm in width and the second 0.75 cm 
in width. 
to discriminate between the two areas. 

One of the first irradiated fuel ele- 
ments tested was found to contain an 


The equipment is expected 


unbond area extending 3.5 in. along 


the slug length and 1.5 in. circumfer- 
entially. When the slug was sectioned 
at the center of the 
unbonded region was revealed 


area in question, an 
above, 
right) ~9 mils wide radially and of the 
dimensions predicted by the tester. 


with an area of localized corrosion 17 
mils deep at the top center of the 
By rotating the element as 
it travels through the light beam, one 
can plot 
This information yields the diameter of 
the element, the ellipticity 
ter measurements taken 90° from each 
other) and _ the 
Comparison with preirradiation data, 
and with data 
production fuel elements, 
the dimensional stability of the irradi- 


shadow.) 
a profile of the entire element. 
(two diame- 
single-throw 


warp. 


similar from normal 


determines 


ated element. 


HONEYCOMB 


GRID ASSEMBLY 
for 
ENRICO FERMI 
FAST 
y NEUTRON 
4 BREEDER 
“REACTOR 


Stalker's skilled personnel plus Stalker's 
exclusive PROVEN ORTHOBRAZE METHODS 
of stress-free forming and high tempera- 
ture brazing of intricate sheet metal assem- 
blies assure a high quality assembly which 
will meet strictest requirements. 


Highly adaptable to many precision stain- 
less steel or super alloy fabrications — 
Stalker techniques are ideally suited for 
the production of honeycomb grids for 
reactor application. 


Stalker engineering, prototype develop- 
ment and production facilities are avail- 
able for customer use. 


% Lagoona Beach, 
Michigan) 


S tht LG 3°3 CORPORATION 


905 Woodside Ave. 
Essexville, Michigan 


Phone: Bay City — Twinbrook 3-7562 
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Fermi Passes Nonnuclear Tests 


While the courts were deliberating 
the legality of the Enrico Fermi Reac- 
tor’s permit for construction (NU, July, 
’61, p. 21), the reactor plant itself has 
been making encouraging progress in 
working its way through a scheduled 
series of nonnuclear checkouts. The 
aim of the series was to find out whether 
the assembled components of the pri- 
mary system—the world’s largest 
sodium system—would function as 
planned hydraulically and mechani- 
cally. Would the pressure-vessel 
closure, piping and pump connections 
and other miscellaneous seals prove to 
be leak tight to the high-temperature 
pressurized sodium coolant? Would 
complicated mechanisms such as the 
rotating shield plug, fuel-handling 
mechanism, control-rod drives and 
sodium pumps, which operate with 
clock-like precision as individual com- 
ponents at room temperature, work 
just as well as part of a whole system at 
the elevated temperatures of liquid 
sodium? With nonnuclear tests of the 
primary system essentially complete, 
Atomic Power Development Associates 
can report that, except for a temporary 
problem with crudding, everything 
functioned exactly as planned. 

The tests conducted on the 
actual reactor system plus one of the 
three coolant loops. 
complete except for the presence of fis- 
sionable material in the dummy fuel 
elements. After a checkout with 
500°F air, the system was charged with 
liquid sodium and held at 500°F for 
over 4 months; it was then raised to 
1,000°F for a week (core-outlet design 
temperature is 800°F) and subsequently 
returned to 500°F where it has remained 
ever since. Operating experience with 
sodium has been especially encouraging 
—there was no evidence of corrosion, 
leaks or deterioration. After its trans- 
ferto the primary system, the 345,000-lb 
charge of sodium was purified by circu- 
lating overflow to the reactor cold trap 
until the oxide content was less than 
10 ppm. Purity checks during this 
and subsequent operations showed very 
little pickup of impurities from the sys- 
tem or from leaks, attesting to initial 
system cleanliness and leaktightness. 
Through a quartz window the sodium 


were 


The reactor was 


surface looked silvery bright, more like 
a large pool of mercury than a material 
that oxidizes readily. 

The operation of the sodium system 
has proved that with proper precau- 
tions clean oxygen-free sodium systems 
ean be built and maintained free of cor- 
rosion and mass-transport problems. 

The unexpected problem with crud 
during the 1,000°F operating period 
when about 1,000 ft® of carbon dioxide 
baked out of the canned graphite in 
the rotating plug and escaped through 
vents into The 
carbon reacted with the sodium sur- 


the argon cover gas. 


face to form a sodium-carbonate crud 
that gummed up mechanical devices, 
interfering with their operation. How- 
ever, the carbonate, like sodium oxide, 
is slightly soluble in hot sodium, so that 
APDA was able to dissolve it off from 
all the mechanisms but the rotating 
plug by lowering them down into the 
sodium pool. Although the carbonate 
dissolves very slowly the solubility is 
only 100 ppm in 500°F sodium), this 
method proved an effective way to re- 
Recently the sodium level 
was raised to contact the rotating plug 
and the latter is now soaking free of 
[The 


similar in chemical composition to the 


move crud. 


the carbonate. Fermi crud is 
material that plugged coolant channels 
in SRE (see NU, Jan. ’60, p. 107) but 
was present in much smaller amounts.] 

Designers expected the graphite to 
release carbon dioxide but not so large 
a quantity and so suddenly (within a 


The problem, APDA 


feels, could have been avoided by in- 


24-hour period). 


vesting in a higher quality graphite. 
Because the system has outgassed at 
1.000°F no 
dioxide is anticipated at 


release of carbon 
the normal 
800°F, ex- 


cept, possibly, for small quantities pro- 


more 


operating temperature ol 
duced through the action of radiation 
on the graphite, which could be ab- 
sorbed in the sodium with no difficulty. 

In summary APDA is satisfied that 
the nonnuclear tests of the primary 
system have accomplished their goal. 
They have demonstrated that the inte- 
grated system can function at design 
temperatures with good dimensional 
stability. During this time tempera- 
ture, flow 


pressure, and sodium-level 


measuring devices, and the auxiliary 
pumps all operated satisfactorily. 
Prototype control-rod operation, acti- 
vation of the fuel hold-down mecha- 
nism, and rotation of the reactor-vessel 
plug were successfully demonstrated. 
All three main sodium pumps (the 
world’s largest pumps for sodium serv- 
ice) have operated for several hundred 
hours and one of the pumps has oper- 
ated smoothly and quietly for over 
2,000 hr at various loadings up to a 
maximum of 13,100 gpm. One of the 
important 
June was the successful operation of 


accomplishments during 


the three main pumps in parallel. 


Afterheat May Help to 
Recover Rocket Booster 


The afterheat from a nuclear booster 


usually considered an unavoidable 


de- 


may be put to good use in re- 


headache by _ propulsion-reactor 
signers 
covering the booster to avoid wasting 
its [7235 ~ $300,000 for a 
10°-lb-thrust booster). J. W. Eerkens 
(Aerospace Corp.) calculates that the 


core | worth 


thrust provided by gaseous propellant 
heated by the afterheat is enough to 
“de-orbit”’ the booster and place it in a 
once-around-the-earth trajectory that 
brings it back to its launehing site. 
The 


immediately after payload separation 


operation must be carried out 
because the afterheat decays quickly; 
most of the afterheat thrust is expended 
within 10 min after reactor shutdown. 
Accordingly Eerken’s calculations show 
that the afterheat thrust available at 
the end of 
around the earth would be too small to 
the the 


booster as it re-enters the atmosphere 


a 90-min de-orbiting trip 


supply braking needed by 
at this point. 

The afterheat coolant-propellant 
would feed from a separate pressurized 
storage tank, through the reactor core, 
and out the main nozzle. Hydrogen, 
ammonia and propane are possible 
candidates for this task, with hydrogen 
giving the greatest thrust per unit of 
tankage weight. Thrust verniers 
would turn the booster around so that 
the nozzle is in the correct retrothrust 
direction before the afterheat thrust 
system is turned on. 


(J. W. Eerkens, American Rocket Society Con- 
ference, Gatlinburg, Tenn. May 3-5, 1961) 
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Gaseous Suspensions—A New Reactor Coolant 


by DONALD C, SCHLUDERBERG, ROBERT L. WHITELAW* and ROBERT W. CARLSON 
The Babcock and Wilcox Co., Lynchburg, Virginia 


A gaseous suspension of graphite— 
in which dispersions of micron-size 
particles are suspended in flowing gas— 
coolant for 

As a primary- 
fluid it 
significant advantages in performance 
over ordinary gas coolants. In recent 
work sponsored by the AEC and The 
Babcock 
shown that gas suspensions (ranging in 
graphite density up to 10 lb/ft*) exhibit 
heat transfer 
compared 


Is a possible new power 


reactors (see Fig. 1 


loop heat-transfer promises 


and Wilcox Co. we have 


greatly improved and 


heat transport with 
Same pressure, tempera- 


This addition of 


pure 
gases at the 
ture and velocity. 
solids to a flowing gas is an alternative 
to increased 


operating pressure as 


a means of bettering gas-coolant 
periormance 

Analysis of test results from small 
heat-transfer loops point to significant 
reduction in size and cost of gas-cooled 
nuclear power systems because of the 


reduced pumping power, higher specific 


Allison Div., Gen- 
Indiana 


* PRESENT AI 
eral Motors Co 


DRESS 
p., Indianapolis, 


power, reduced coolant volume frac- 
tion, lower coolant pressure, smaller 
containment structure and _ lower 
fuel temperature possible with 
suspensions. 

Because this is a completely new 
type of coolant, considerable research 
and development will be required to 
develop the technology to the point 
where reactor system components and 
special instrumentation can be satis- 
factorily designed and operated. No 


gas 


experience is available regarding be- 
havior in large systems. The low 
theoretical pumping powers indicated 
for reactor coolant applications will be 
of practical value only if we can 
develop efficient centrifugal or axial- 
flow pumps. Positive displacement 
pumps tend to have higher efficiencies 
but their volumetric capacity is not 
sufficient for most primary coolant 
applications. 

For reactor-coolant applications, it 
will be necessary to investigate mate- 
rial compatibilities, system chemistry 
and special problems such as the effect 
of pump failure 


upon heat-removal 








as primary-heot transfer fluid 








FIG. 1. 


GAS SUSPENSION CYCLES for nuclear power plants. 
feasible now subject to successful development of primary-loop pump; type 2 cycles 


await development of gas-suspension turbines and compressors 
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Type 1 cycles look 


characteristics of the suspension. If 
the velocity drops to zero and the 
particles fall out of suspension, perhaps 
one will need to develop standby pump- 
ing equipment to quickly re-establish 
flow of at least the gas phase. 


Test Experience 


To date the experience with small 
heat-transfer test loops has found gas- 
suspension systems remarkably free 
of erosion, plugging or adherence to 
system surfaces. A test loop with 
tube sizes ranging from 0.313-in. to 
0.875-in. i.d. operated for more than a 
year without plugging except on two 
occasions when the graphite charged 
into the system had not been dried and 
outgassed (at 800°C). On these in- 
stances plugging occurred during cold 
startup immediately after the un- 
treated graphite was added. 

Visual inspection of loop components 
and chemical analyses of circulated 
graphite particles have showed no evi- 
dence of erosion. This can be attri- 
buted to the small particle size, the 
fact that graphite is more frangible than 
the metal walls of the system, and the 
wearing off of any sharp particle edges 
by continuous circulation in the loop. 

This operating experience also has 
shown that gas suspensions will readily 
flow through ball 
valves. Properly arranged pressure- 
gage tubing will not plug unless there 
is a small leak in the tubing between 


needle, globe or 


gage and pressure tap. 

We unusual 
particle adherence on the 
change surfaces of loop coolers at large 
heat fluxes with helium as the suspend- 
ing gas. The particle coating com- 
pletely fouled the heat-exchange sur- 
face but did not plug the tube. The 
formation of this coating may thus be 
associated with anisotropic Brownian 
particle motion along a temperature 
gradient in the gas-boundary layer. 
We believe this coating tendency can be 
suppressed by running at gas pressures 
above the 50-75-psig range at which it 
occurred. This difficulty was never 
noticed in heated sections of the loop or 
when heavier suspending gases (N,, 
CO., CF,;) were used. 

Preliminary tests show that 
suspensions are readily pumped by con- 
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observed an type of 


heat-ex- 


gas 





A wide variety of metallurgical processing 
work can now be performed by a single 
mill facility due to the development of 
this compact and versatile LOMA 2-high 
4-high Combination Rolling Mill. The 
equipment is suitable for both hot and 
cold work, and allows both shapes and 
flat stock to be rolled, with or without 
the application of tension. 


The machine is equipped with extra large 
Capacity mill housings, roll journals, uni- 
versal spindies and drive transmission. 
This heavy-duty design allows the mill to 
take reductions of more than 50 per cent 
per pass while maintaining tolerances as 
close as 5 per cent of thickness 


Change-over from the 81% in. x 10 in. 2- 
high to the 214 in. & 8% in. x 10 in. 4- 
high setup requires only 30 minutes. The 
2-high arrangement is used for either hot 
or cold breakdown roiling of plate and 
sheet, and grooved rolls are also avail- 
able to process rounds, squares and other 
shapes. In the 4-high setup strip is cold 
finish rolled to gauges as thin as 0.002 in. 


The LOMA mill is furnished with high- 
strength steel housings, twin-handwheel 
or dual-motor wormdrive screwdowns, uni- 
versal joint spindles, herringbone gear- 
ing, and an extra heavy-duty 25 h.p. vari- 
able-speed drive. The rolls are made of 
forged alloy steel and are hardened to 
100 Shore Scleroscope. The roll necks 
are mounted in super-precision needle 
roller bearings having a total separating 
force capacity of 350,000 ibs. The bear- 
ings are continuously lubricated by a 
closed oil circulating system. 


LOMA 


MACHINE MFG. CO., INC. 
114 East 32nd Street 
New York 16,N. Y 


Gaseous Suspensions 


these 


appre- 


ventional blowers; however, 


machines do not convert an 
ciable portion of the kinetic energy 
imparted to the particles into gas pres- 
modifications to rotor 
correct this difh- 
amount of the 
recovered (Say 


Certain 
should 


sure 
and casing 


culty. Unless a fair 
particle energy can be 
50% or more), the potential advantage 
of lower pumping power! will not be 
realized. 

Heat transfer. 
heat-transfer and pressure-drop char- 


of 1-5- 


We investigated the 


acteristics OI gas suspensions 
micron graphite (AGOT) particles sus- 
pended in No, He and CF, at densities 
up to 8 lb/ft®. The pressure varied 
from 30 to 130 psig, temperature from 
90 to 1,100°F and velocity from 20 to 
over 200 ft/see (1 The heat-trans- 
correlated by 


fer data appear to be 


equations of the following form: 


= A(Pe.){(W.C./W,C,) + 1} 


= & 


where 
Nu Nusselt 
thermal 


number, using gas 
conductivity at aver- 
temperature, tube 


alent diameter of 


age film 
i.d., or equiv 
annulus based on heated sur- 
7 


number evaluated 


Gas Peclet 

it average film temperature 

ising tube i.d. or equivalent 

liameter based on wetted 
nnulus 

Flow rate 


Flow rate 


This article starts on page 67 


A, a, and 6 are constants which 
depend on flow geometry. Values of 
the above constants for each of the 
correlations obtained are given in the 
table. 

There is some doubt that the above 
hold lor values ol 

The data of 
(3) in this range of solids 


a different 


correlations 
roe. S32. 
and Morley 
loading indicate 


Farbar 


behavior. 
Representative values of 
W,/W,> 
gas-graphite suspension data. 
Pressure drop. The data on pres- 
sure drop for circular channels without 


points Io! 
1.0 show fair agreement with 


spiral ribbon turbulence promoters was 
found in good agreement (Fig. 2) with 
data for the flow of dense pulverized 
coal-air mixtures , for values 
G; = 275 \b/ft*-sec. The pulverized 
coal-air mixtures exhibited a different 
characteristic below this flow rate. 
This may be due to the considerably 
larger pulverized coal particle s1ze. 
Corresponding transition points, if any, 
ior various graphite-gas suspensions 
were not observed. 
The data for circular channels with- 
a turbulence promoter show gen- 
with the Moody-fric- 
smooth tubes at 
but 


Reynolds 


out 
eral agreement 
tion-lactor curve fo! 
Reynolds 
this 


numbers 


lower numbers drops 


below curve higher 


believe these lower 


from the suppression ol 
the 


the resulting flow character- 


values aris¢ 


flow 


particles; 


turbulence by suspended 


istics are similar in some respects to 


those of a single-phase fluid in laminar 
flow. The 


friction factor was calcu- 





Suspension 


gas-solid 


He-graphite 
N --graphite 


Constants 


A/a/b Pe, range 


020 /0.80/0.45 4X 10 


CF,-graphite 


Air-pet. cate 
N --graphite 


0.051 in. 


He-graphite 


lyst 
036 /0.77/0.58 


CF,-graphite 


0.081 in N--graphite 


He-graphite 


0 in 


5 in. /0.074 in He-graphite 
N--graphite 


992 in. od 


750 in. id 


He-graphite 
N.-graphite 


Annulus 


017/0.86/0.58 3 xX 10 


0090 /0 .97 /0.58 C10 


051/0.73/0.45 < 10? 
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THERE MUST BE AN EASIER WAY! 









































THERE IS: FAST + 


In radiation analysis, accumulation of the energy distribution 
curve is usually followed by quantitative interpretation of the 
results. The most frequent first step in the interpretation is the 
determination of the intensity of individual lines by integration 
of the areas involved. With FAST, the operator selects a region 
of interest, depresses a switch, and the area of the selected region 
is quickly indicated in memory channel number one. The answer 
is then typed out by means of the IBM computer readout type- 
writer. Other regions of interest may be quickly integrated in the 
same manner. Answers are exact, and operation is simple and 


dependable. This is FAST. (Fast Area Sub-Totalling.) 


The Model ND-130A includes the analysis and 
summation circuitry (FAST) as well as spectrum 
stripping circuitry. It costs no more than the 
superb Model ND-130. 
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MODEL ND-130A ANALYZER-COMPUTER 
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Step 1: 





} bie 
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Step 2: Select any region of the spectrum by simple 
switch operations. The selected regions are dis- 
placed for instant visual examination. The chan- 
nel numbers involved are indicated exactly by 








imrliarl Comretee Ercit 
OMPUTTR Comteon 


Depress computer cycle 

The sum of all data points in the selected region, 
only, is accumulated in a second or two. The 
sum, divided by ten if desired in order to avoid 
count overflow, is recorded into analyzer channel 
number one. 
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MODEL L-75 ANALYSIS UNIT 

. used for measurement of alpha and 
beta radiation and fission products 
for quantitative laboratory evalua- 
tions/effective educational instru- 
ment and convenient for field 
measurements 


Landaverk 
Electrometer 
Company 


641 SONORA AVE. 
GLENDALE 1, CALIFORNIA 
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Suspensions 
This article starts on page 67 


Gaseous 





id, 24" TP, Np Susp r 

id, 4° TP, Ne susp 
0532"d,4"TP, He suse 

0532 id, na TP,He susp. t 
0680" id, no TP, He susp. 
Q313" id, no TP, Np susp 
O680"d, no TPN, susp. Ett 
0.3080" id, no TP, PC. in air | 
0435"id,no.TP, PC in air |e 
02456'id, ng. TP, PC. in air 
Oss id, 235°TP CF, susp 

* US Bureau of Mines eee 
TP = turbulence promoter 

PC.= pulverized cool +++ 


10? 105 
Fluid Mass Flow, G,(ib/tt? sec) 


gee) Seonees sel 
et 














FIG. 2. PRESSURE DROP parameter vs 
gas-suspension flow for circular channels 


lated by a compressible-flow equation 
derived by assuming a constant average 
fluid temperature, 


Coolant Performance 


The heat-transfer and pressure-drop 
data given above can be used to com- 
pare the coolant performance of gas 


| jects or points in recessed, 
| inaccessible locations. 





suspensions with those of pure-gas 
systems. We can make comparisons 
based on each of the following criteria 
e the pumping power required to main- 
tain a given heat transfer coefficient on 
a square foot of heated surface as a 
function of solids loading. 

the heat removed per square foot of 
flow-channel cross section as a function | 
of solids loading when the pumping | 
power is a fixed percentage of the heat | 


removed and coolant-temperature rise, 
' 


maximum surface temperature, and | 
film AT are constant. 


@ the effect on the inlet and outlet tem- 


peratures of a gas-cooled flow channel 
| 


as a function of graphite loading assum- 
ing a limiting maximum surface tem- 


| perature. 


Pumping power. The results show 


| that the addition of graphite to nitro- 


gen or helium has an appreciable effect 
upon pumping power, especially when 
turbulence promoters are used. The 


following table lists values of pumping | 


M1238-1818 — Range 18” x 18”, working 
distance 9” to infinity. Reads to 0.001” up 
to 24” working distance. Protractor ocular 
reads to 3 minutes of arc. Image is erect. 


Cut inspection 
time in half 
with new Gaertner 

Coordinate Cathetometers 


These convenient, reliable optical 
instruments permit making precise co- 
ordinate measurements in a_ vertical 
plane. The two dimensions are measured 
with one setting, object does not have 
to be rotated. Inspection time is cut in 
half and resetting errors eliminated. 


Versatile Gaertner Coordinate Cathe- 
tometers are ideally suited for precision 
measurements on large objects; also ob- 
remote, or 
Applications in- 
clude measuring jet engine sections, 
complicated castings, printed circuits, 
bolt holes and bosses on large piece parts, 
traces on cathode ray tubes, etc. 


Because these are optical rather than 
mechanical measuring instruments, you 
make non-destructive measurements 


| without contact, distortion, or concern 


about pressure being applied to the ob- 
ject when making a setting. Instruments 
available in English or Metric system. 


M1236-46— ———» 

Horizontal range 6", 
vertical range 4” 

Reads to 0. 0001”, 

| working distance 5” 

to infinity. 


<—— M1236-22— 
Range 2” x 2”, reads 

to 0.0001” . Working 
distance 5” to infinity. 
Shown with 19 mm 
mounting rod, and without 
telemicroscope. Instrument 
permits precise coordinate 
movement of other objects 
such as photo cells, 
probes, etc., in place 

of telemicroscope. 


Write for Bulletin 188-53 
The Gaertner 
Scientific Corporation 


1257 Wrightwood Ave., Chicago 14, Ill. 
Telephone: BUckingham 1-5335 
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Now Proved 
Fully Reliable, 


BJ Mechanically 
‘| Sealed Nuclear 


ol 


Another first for BJ Nuclear Pumps! The first mechanically- 
sealed pumps for primary coolant service of a central 
station power reactor are now being built by Byron Jackson 
for Consumers Power Company’s new high-density 

nuclear power station at Big Rock Point, Michigan. 


Performance-proved for all nuclear service, BJ 
Mechanically-Sealed Pumps are the most economical 
means of combining full reliability with maximum economy. 
By using a standard electric motor or any standard 

driver, electrical and overall efficiency is increased and 
initial cost of the pump can be reduced by as much 

as 50% ! For complete information on BJ Mechanical Seal 
Pumps—as well as liquid metal and liner-motor types — 
call or write today! 


» This BJ Pump was designed for reactor 
coolant at 7150 gpm on the APPR-1A 
' portable reactor program. 


BYRON JACKSON PUMPS, INC. 
SUBSIDIARY OF BORG-WARNER CORPORATION 
. P.O. Box 2017A, Terminal Annex, Los Angeles 54, California 
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This announcement is neither an offer to sell nor a solicitation of an offer to buy any of these 
commision. The ofering is made only by the Ofering Circaler. 


NEW ISSUE 
75,000 Shares 
National Radiac, Inc. 


Common Stock 
(No Par) 


Price $4.00 Per Share 


Copies of the Offering Circular may be obtained from the undersigned in any State in which the 
lersigned may legally offer these shares in compliance with the securities laws of such State. 


HARDY & HARDY 
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power per square foot of heated surface 
to achieve a heat transfer coefficient of 
500 Btu/hr-°F-ft? with the coolant at 
300 psia and 800°F for pure He and N, 
gases; the suspensions had a fluid 
density of 8 lb/ft*. This density 
corresponds to solids loadings of 12 
and 89 for the N:.- and He-graphite 
suspensions, respectively. 





Pumping Power per Unit Area 
(HP/ft?)* 


turbulence 
promoter 


Turbulence 


Coolant promoter 


He 1.50 1.50 (0.88) 
N; 3.80 6.30 (4.41) 
He/Graphite 0.091 0.24 
N:/Graphite 0.140 0.52 


* 0.532-in. id. tube 7.18 ft long. 














"CPC 


Engineered, 
machined and 
fabricated all alu- 
minum nuclear 
spent fuel element 
storage rack de- 
signed by Stone 
and Webster, 
Boston, Mass. for 
Yankee Atomic 
Plant, Rowe, 
Mass. 
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A.S.M.E. - National Boards 
Aircraft - MIL-T-SO21A 
Navy - STD-248A 
Code inspection by 
Mutual Boller and 


WRITE FOR ALUMINUM BROADSIDE 





Machinery Insurance 
Company 


PC engineering 


STURBRIDGE, MASS. 








The pure-gas values were obtained 
by extrapolating the gas-suspension 
relationships to zero-solids loading. 
Comparable values predicted from 
the Moody and Colburn relationships 
for the tube without a turbulence 
promoter are shown in parentheses 
These figures show that gas suspensions 
offer a reactor-core and heat-exchanger 
performance vastly improved over that 
possible with gases, especially in com- 
bination with turbulence promoters. 

Heat removed per unit flow area. 
Figure 3 shows the effect for a nitrogen, 
graphite suspension of solids loading 
upon G,C;AT, the heat removal rate in 
Btu per hour per square foot with 
pumping power a constant percentage 
of total power. Coolant temperature 
rise, film A7’, channel surface tempera- 
ture and channel length are also held 
constant channel diameter is 
a dependent The helium 
| curves are quite similar. (Continued) 
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FIG. 3. HEAT REMOVED vs weight ratio 
for nitrogen/ graphite suspension 
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EX-CELL-ABILITY... 


... is diversity. Ex-Cell-O is a broad spectrum of 
capability and experience in precision metalworking 
applicable to many areas of military and civilian 


atomics programs. lf Current and completed Atomics 


Division projects include control rod drives, remote 
handling equipment, fuel handling system compo- 
nents, reactor detail parts and subassemblies. 
Ex-Cell-Ability in research, development, prototyping 
and production, monitored by extensive quality con-  e ms, 
trol and laboratory systems, is described in the Se ae » 
brochure Creative Manufacturing for the Sixties; we soe rad 
shall bé glad to forward a copy upon request. 


ATOMICS 


DIVISION EX: CEL L- 1/ | 
EXcELLO For precision COR PORATION 


61-75A 
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Ekco Type N664 
sctmttllation Counter 
and N610 GUCONMLATLG 


sealer provide a stable and 


accurate system for the assay of low energy Beta emitters in 

the liquid state, particularly Carbon 14 and Tritium. 

N664 is a shielded bench-standing scintillation counter 
incorporating the sample phosphor liquid technique. The design 
provides optimum geometry and ready access for sample 
changing. Specific activities down to 10-10 curies per millilitre 
can be assayed and counting efficiencies in excess of 40% 

can be achieved with tritiated water samples at 15 cps background. 
N610 is a combined automatic scaler and timer with an inbuilt 
ratemeter, pulse height analyser, amplifier and stabilised 

H.V. supply. The P.H.A. used with the inbuilt ratemeter provides 
rapid identification of energies and permits assay of Double . 
Labelled samples. The P.H.A. is also ideal for background 
reduction. In an alternative arrangement it is useful for 

the simultaneous assay of Double Labelled samples, the 

timer can be used as a second scaler channel, taking an output 
from the upper discriminator of the P.H.A. 


Jalvectronics JLid. 


Southend-on-Sea, England. 


In U.S.A. contact associate company: 
American Tradair Corporation, 34-01 30th Street, 
Long Island City 6, New York. 
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FIG. 4. TEMPERATURE of nitrogen/graph- 
ite suspension vs solids loading 





| perature of 





Inlet and outlet temperatures. The 


| coolant temperatures at the inlet and 
| outlet of a gas-cooled heat source, such 


as a nuclear reactor, were determined 


| as a function of graphite loading for a 


limiting coolant-channel surface tem- 
1,600°F 
power of 24 kw with a sine distribution. 


and a channel 


| Figure 4 shows that the outlet tempera- 


ture increased from 1,200°F to 1,350°F 
as the coolant density increased from 


| that of pure nitrogen (W,/W, = 0) to 


7.0 lb/ft? (W./W, = 15). The addi- 
tion of graphite reduced the coolant 
400°F to less 
the 


temperature rise from 


than 50°F because of increased 


| coolant heat capacity. 


| Power-Plant Applications 


The four cycle diagrams presented 


| in Fig. 1 illustrate the range of applica- 


tions of coolant to 
nuclear power. 

The type 1 cycles may be divided 
into those that derive power from a 
vapor in a Rankine cycle and those that 
employ a gas turbine in a Brayton 
The suspensions would have 


gas-suspension 


cycle. 
densities up to 10 Ib/ft* and pressures 
between 100 and 500 psi. Nuclear 


| plants of this type (either Rankine or 


Brayton cycles) will derive the follow- 


| ing benefits from using a gas suspension 
> | instead of a gas as the primary coolant: 


@ a higher heat-transfer film coefficient, 
which will permit a higher core-outlet 
coolant temperature for a specified 
maximum fuel temperature 
larger heat 
from a given size reactor core both be- 
cause of higher heat transport and 
higher heat transfer 

e@ smaller primary-coolant loop 


© considerably removal 


e lower primary coolant-loop pressure. 
The effect of these improvements is 
illustrated by an analysis of the ther- 
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- BUYERS’ 


~ GUIDE 
REFERENCE DATA ISSUE 


A The 1961-62 NUCLEONICS Buyers’ Guide and Reference Data issue is the 
advertisers’ year-long direct means of communication with the internationa! 
nucleonics industry. In a recent survey taken among a cross section of 
NUCLEONICS subscribers regarding their use of the Buyers’ Guide section, 
the 208 respondents revealed that they refer to the Buyers’ Guide for prod- 

is Tae uct and manufacturer information on an average of 33 times per year. 
$y Furthermore, 79% stated that they refer to the advertisements when seek- 

; a ing product information, and 76% said that these advertisements assist 

: them in the selection of suppliers. 





The Buyers’ Guide section in the November issue will be divided into two 
parts: 


@ DIRECTORY OF PRODUCTS, MATERIALS AND SERVICES 
Approximately 800 product and service categories with over 250 
cross references — more than 1,700 company listings in all! 


@ LIST OF MANUFACTURERS’ SALES OFFICES 
Including Manufacturers’ addresses and telephone numbers, fol- 
lowed by similar information on domestic and foreign sales offices 
and representatives of each manufacturer. 


Advertisers will be listed in bold-face type, together with the page number 
of their ads, under al! product listings. 


The Reference Data section — the extensive editorial portion of the issue — 
# will consist of selected up-to-date engineering and scientific information of 
: the type most frequently used by technical personnel in the nucleonics field. 
ee Included will be a cumulative index of contents of this year’s and last year's 
Manuals. Constant referra! to the Reference Data Manual by the readers 
adds to the year-long exposure of the entire November issue. 


Now is the time to pian your display for the nuclear industry's directory — 
NUCLEONICS November Suyers' Guide and Reference Data issue! 





NUCLEONICS © @ 


A McGRAW-HILL PUBLICATION F 330 WEST 42ND STREET, NEW YORK 36, NEW YORK 
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clerating progress toward 

his environment is experiencing a 
hrust as a result of experimentation 
space propulsion and 
thermonuclear reactions 


Qualified applicants are invited to send resumes to: 


{ Director of Personne! Division 61-67 
j 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 


All quelified applicants will receive consideration for employment without 
regerd to rece, creed, color, or notion! origin. U.S. citizenship required 


Gaseous Suspensions 


This article starts on page 67 
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FIG. 5. THERMAL EFFICIENCY of type | 
cycle for nitrogen/ graphite suspension 


mal efficiency of a type 1 gas-turbine 
as a function of graphite loading in the 
primary loop with nitrogen as the car- 
rier gas. Figure 5 gives the effect on 
gas-turbine thermal efficiency of the 





| variations presented in Fig. 4 for inlet 
‘and outlet temperature as a function 
}of graphite loading. Most of the in- 
| creased efficiency is achieved at light 


| solids loadings below a solids-to-gas 
| weight ratio of four. In the complete 


range of solids loading considered, the 
| efficiency increased from 19% to 27° 
The development of efficient gas- 
suspension turbines and compressors 
would make possible type 2 cycles, in 
which the suspension acts as the ther- 
}modynamic working fluid as well as 


|| the reactor coolant. Although there 


|is no experimental proof, one might 
predict that heat stored in the sus- 
pended solids will exert a strong in- 
fluence upon gas temperature during 
expansion or compression by virtue of 
the very large particle-surface area. 
The result would be equivalent to a 
working fluid with unusually high 
specific-heat and low specific-heat 
ratio. Hence, this fluid should show 
smaller temperature changes during 
adiabatic compression or expansion; 
thus the ideal efficiency of the regenera- 
tive Brayton cycle could approach 
more closely the Carnot-cycle efficiency 





[than with a pure-gas system. This 
| increase in ideal cycle efhic iency could 
compensate for the possible lower effi- 
ciencies of gas-suspension turbines and 
compressors. 
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When things come 
hot and heavy... 


..-your hot cell requirements have 
outgrown standard manipulator capa- 
bilities. To meet your needs, AMF 
Atomics offers this new Heavy Duty 
Manipulator that retains the deft, in- 
stantaneous touch of the Standard 
Model 8, but has up to five times 
greater operational capacity. The re- 
sult is a dual-purpose instrument fit- 
ting both “pilot production” as well as 
strictly “laboratory” classifications. It 
offers a variety of new capabilities and 
operates with greatly reduced shut- 
down time and minimum maintenance 
expense. . 

While new materials and rede- 
signed components and assemblies 
produce the Heavy Duty’s versatility 
and extra performance, basic instal- 
lation dimensions of the Standard 
Model have been maintained. Conver- 
sion is possible without modifying ex- 
isting hot cell dimensions. Where the 
Standard Model meets present needs 
but where future requirements are 
uncertain, AMF Atomics offers a par- 
tial Heavy Duty model convertible to 
full Heavy Duty with few components 
and without field assistance. 

As for maintenance and repair, the 
ruggedness of the Heavy Duty assures 
a minimum of both. Present mainte- 
nance facilities will suffice. A com- 
plete spare parts catalog is provided 
for fast spare parts replacement. 
Trained AMF field technicians are al- 
ways available should the need arise. 


AMF Atomics across the board 


AMF Atomics’ performance record 
qualifies it as the world’s leader in de- 
sign and construction of research and 
training reactors. It has utilized 
AMF’s vast engineering and mechan- 
ical skills in a wide range of reactor 
components and auxiliary equipment 
including reactor servicing equip- 
ment, control rod drive assemblies and 
manipulators. 


AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N.Y. 


= 


. . across the world 








Wantage School Teaches Radionuclide Applications 


Ask a Briton who is a member of the 
Isotope Division of the Atomic Energy 
Research Establishment whether he is 
a crusader, and you will probably get 
the same answer that you would expect 
from his American counterpart: “Yes.” 
On both sides of the ocean, users of 
radiation and radiotracers feel the 
same need to sell the world the benefits 
of radioactivity. One of the mission- 
ary efforts of AERE is the Isotope 
School at Wantage Radiation Labora- 
tory. In 10 years of existence it has 
turned out more than 2,600 students 
from 70 nations. Included are chem- 
ists, doctors, physicists, biologists and 
engineers from universities, industry, 
hospitals and government. 

Results are impressive; a 1958 ques- 
tionnaire showed that 88% of the 
graduates were using radionuclides; 
more than 50 radionuclide courses are 
direct descendants of the Wantage one. 

If you want to go to the school from 
London you can take a train ~50 miles 
straight west to Didcot, directly south 
of Oxford. A short drive along tree- 
lined roads takes you first to the town 
of Wantage with its statue of Alfred 
the Great in the town square, and then, 
a mile farther, to the abandoned World 
War II airfield that has become Want- 
age Radiation Laboratory. The school 
occupies a light and airy building in the 
style of a California ranch house. 
Director is Ronald A. Faires, who, with 
his associate B. H. Parks, has written 
a book called “Radioisotope Labora- 
tory Techniques” (Pitman Publishing 
Corp., New York, 244 pp., $5.75). 

The program, as indicated by our 
box, is based on a four-week “General 
Isotope Course” and reinforced with 
various more specialized courses ac- 


cording todemand. In 1960, for exam- 
ple, special courses were given for water 
chemists, directors and senior execu- 
tives in industry, and senior trade- 
union officials. The basic course, 
which is given about four times a year, 
is intended for students at graduate 
level who wish to use radionuclides as 
tools in research or technology. Em- 
phasis is on practical work, ~70% of 
the time being devoted to experiments 
(activation analysis, chromatography, 
gamma spectrometry) and the rest to 
lectures (nuclear physics, radiochemis- 
try, measuring techniques, health 
physics). 

Advanced courses call on facilities 
and personnel of both Wantage and 
nearby Harwell. For example the 
trade-union officials heard, in addition 
to Faires and Parks of the Isotope 
School, B. S. Smith, head of the Iso- 
tope Division, J. L. Putman, J. F. 
Cameron, 8. Jefferson, H. Bowen and 
several others. 

Curricula are designed to include 
both experiments that are carried out 
by all students and special topics 
chosen by the students themselves. 
Advanced radiochemists, for example, 
study such topics as isotope effects, 
radiotracers in electrochemistry, reac- 
tor chemistry, coincidence and anti- 
coincidence spectrometry and radio- 
autography. Among the experiments 
designed for all of them to do are solu- 
bility measurements, exchange studies, 
standardizations and ion-exchange 
studies. Students in an advanced 
physics and measurements course study 
such matters as single-crystal and two- 
crystal scintillation counters, liquid 
scintillation, thermal-neutron-detection 
of sodium and manganese in solution 


(by beam attenuation and capture 
gamma rays), y,n detection of beryl- 
lium and soil-moisture measurement by 
slowing of fast neutrons. Graduate 
analytical chemists learn such determi- 
nations as copper in aluminum and 
analysis for arsenic in hair using radio- 
tracer methods. 

Fees are a uniform £3/day ($8.40) 
for everything required at the school 
except board and room. Overseas 
students are warned to budget 25-30 
shillings ($3.50—4.20) per day for meals 
and accommodation in the moderate- 
priced hotels of the neighborhood. 





AERE Isotope School— 
Program of Courses for 1961 


Date Title 


9 Jan.—3 Feb. General lsotope Course 
13-24 February Radiation in Biology and 
Chemistry 

Medical Course (followed 
by three weeks visiting 
hospitals) 

Radioisotope Methods in 
Chemistry 

Radiological Protection 
General Isotope Course 
Advanced Course in Phys- 
ics and Measurements 
World Health Organiza- 
tion Course: Public Health 
Aspects of Radiation Pro- 
tection 

Autoradiography for Biol- 
ogists 

Medical Course (followed 
by three weeks visiting 
hospitals) 

Radioisotopes in Nonde- 
structive Testing 
Radiological Protection 
General Isotope Course 


10-28 April 


1-19 May 
29 May-2 June 
12 June-7 July 
10-21 July 


10-28 July 


24-28 July 


18 Sept.—6 Oct. 


16-20 October 


30 Oct.-3 Nov. 
13 Nov.-8 Dec. 











How Does One Handle Soil Contamination? 


In the unfortunate event that fallout 
or a reactor accident were to contami- 
nate a farmer’s fields—or, worse yet, a 
vast area of them—how would one 
grow crops that were not dangerously 
radioactive? Roy Overstreet, profes- 


78 


sor of soil chemistry at the University 
of California, and his associates have 
been conducting tracer experiments, 
mainly with strontium and cesium, to 
see. 

Since not much is known about trace 


amounts of cesium and strontium in 
soil, basic studies deal with how these 
and other fallout nuclides are held in 
different soils and leached from them 
(1-4). For example, they contami- 
nated different California soils with 
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Sr®* and tested the ability of ammo- 
nium-acetate and calcium-chloride 
solutions to leach out the strontium. 
Since leaching occurs readily, they con- 
clude that contaminating strontium is 
held in forms that make it readily 
available to plants. Cesium appears to 
be held in two different ways so that 
trace concentrations behave differently 
from larger amounts. It is very tightly 
fixed by most soils so that it is only 
slightly available to plants. 

Plant experiments determine how 
much of a radioactive nuclide is picked 
up from the soil in roots, stems and 
leaves, or how the ratio of two nuclides 
differ between soil and plant (4, 6). 
An abundance of potassium, for exam- 


ple, suppresses the uptake of cesium in | 
excised barley roots; abundances of | j 





sodium and lithium have essentially no 


effect 

One set of experiments (2) compared 
three methods for reducing strontium 
content in barley grown in previously 


contaminated soil. If you treat the 
contaminated soil with electrolytes | 
HCl and FeCl; are most effective) and 
then apply water, you can wash the | 


strontium deep into the ground, but 
the method is forbiddingly expensive. 
If you put the contaminant deep in the 
test plot to simulate deep plowing, 
its uptake by barley roots is much less 
but still appreciable. 

Only one method appears really use- 
ful: spread asphalt emulsion on the soil, 
allow it to harden, then chop it up and 
haul it away. You can take away as 


much as 97% of the contamination. | 
Simply breaking up the crust and turn- | 
ing it under doesn’t work; most of the | 


strontium becomes available to the 
plants anyway. 
This result suggests that the solution 


to the problem of soil contamination 


may be the entrapment of the fallout | 
by physical or chemical means before it | 


becomes mixed with the soil. 
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MEASURE RADIATION DOSAGE 
... faster, easier, safer 


This new Bausch & Lomb Microdosimeter Reader measures 
X-Ray or Gamma or High Energy Electron radiation ...in the 
range of 10 to 10,000 rads. . . accurate to at least +4%. It reads 
changes of fluorescence in B&L Microdosimeter Rods (1mm x 
6mm cylinders of silver-activated phosphate glass) as precise 
measurements of individual or cumulative dosage of radiation to 
which the rods have been exposed. 

15 seconds is all it takes to load one of these rods into the 
Microdosimeter Reader, set the controls, read the radiation 
measurement, unload. And you’re sure of your results because 
there’s no chipping of the rods in loading—you measure total 
dosage every time. Put this dependable Microdosimeter Reader 
to work in your area of responsibility — personnel safety, 
aero/space investigation, medical research—for only $1490. 





BAUSCH & LOMB INCORPORATED 
85020 Bausch Street, Rochester 2, N. Y. 


[) Please demonstrate Microdosimeter Reader. 
BAUSCH & LOMB (C) Please send Catalog D-299. 
W ciate 
PROFESSIONAL 
Made in America, a 


to the world’s highest standards. 


ZONE ...... STATE . 





12,000-Curie Cs Research Irradiator at Georgia Tech 


by RICHARD C. PALMER, 
RANDALL W. CARTER 
and WILLIAM VAN WILLIS, 


Georgia Institute of Technology, 
Atlanta, Georgia 


Although cesium irradiators are far 
rarer than their cobalt cousins, they 
have properties that may make them 
give comparable results. For example, 
the leng cesium half-life should make 
capital investments nearly the same. 
In addition, attenuation of gammas 
from Ba‘? (daughter of Cs" ’) is 
greater than that of gammas from Co. 
In cesium irradiators bremsstrahlung 
should also contribute to dose rate. 
Because our 12,000-curie cesium irradi- 
ator is patterned after the Notre Dame 
Co® one [NucLEoNIcs 13, No. 10, 74 
(1955)], we hope to compare operating 
results. 

* * o 


This work was sponsored by the Office of 
Isotope Development, U. S. AEC, under con- 
tract AT(38-1)-202. 


Outer capsule 





a- ~—Cover 


a) _ 
ube-nest 
extension 


Se - +— Support 


——Tube nest 











IRRADIATOR is held in 12.39-in.-i.d. stain- 
less-steel pipe sunk 12 ft below floor. 
Top of 9-ft tube nest is supported by 
14-in. brass plate; bottom by 3-ft spacer 
with perforated top so water can circulate. 
With 30-in. tube-nest extension one can 
process samples at table-top level 


ample-carrier 
tubes 


oar TR ee 


TOP OF TUBE NEST with cover plate re- 
moved shows holes into which sample 
carriers and source capsules go. Cover 
plate and tube nest are made from hard, 
drawn, seamless brass tubing. At right 
of picture is lifting mechanism that removes 
sample carriers remotely from irradiator 


on 


Inner capsule Lead plug 





Cesium pellets (plastic dowel ) 


a 


TWO SIZES OF SAMPLE CARRIERS made of soft bross fit into 
irradiator. One large carrier for center hole (center and top 
in picture) holds 114-in.-i.d. container with 200-cm* sample. 
Twelve smaller sample carriers for outer holes (bottom in picture) 
hold standard 6-in. test tubes. Each carrier is shielded at top 
and bottom by 3-in. brass plug; each has machined top for 
lifting mechanism 


TWELVE SOURCE CAPSULES each hold ten pressed cesium pel- 
lets (represented above as plastic dowel) that have a total of 
1,000 curies of Cs!*’ activity (with <3% Cs'**). Cesium pellets 
cre enclosed in inner and outer stainless-steel capsules. 3.64-in. 
lead plugs seal each end of inner capsule. Inside irradiator 
tube nest, source capsules rest on 1-in. lead spacers beneath 
brass-rod shielding lengths 





Lu 


Why GG 




















DOSE-RATE DISTRIBUTION across vertical distance. Flat sec- 
tions of curves indicate that in center hole sample ~3 in. long 
is subjected to homogeneous field and receives ~1.4 X 10° 
rads/hr; in outer holes samples homogeneous field receive 
~1 X 10® rads/hr. Dosimetric measurements were made with 
a Fricke dosimeter that uses ferrous sulfate and measures the 
number of molecules oxidized to ferric ions 


LIFTING MECHANISM has 300-turn copper-wire solenoid around 
permeable steel-alloy core. Attached to brass extension are 
two steel-alloy leaves. To lift carriers one pushes extension 
into opening at carrier top. As leaves enter opening they close, 
popping open again inside cavity to grip carrier lip and lift 
carrier. When electricity passes through solenoid, leaves dose 
and lifting mechanism can be withdrawn 
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Instrumental Neutron Activation 


for Rapid, Economical Analysis 


by VINCENT P. GUINN 


Shell Development Company, Emeryville, California 


Recent advances make it possible to 
perform many elemental analyses with- 
out chemical treatment by irradiating 
a sample with thermal or fast neutrons 
and observing energies and half-lives 
With this rapid 
and comprehensive system of instru- 
mental 
accurately 


of decay gamma rays. 


neutron activation one can 
analyze samples in 15-30 
min; in addition, the intense, energetic 
x-rays that are developed with a 3-Mev 
Van de Graaff accelerator allow one to 
use activation analysis with photo- 
excitation reactions for a number of 
additional elements and with photo- 
neutron reactions for deuterium and 
beryllium. 

The major advantage of the instru- 
mental over the conventional, chemical- 
separation activation analysis is speed. 
This speed makes the instrumental 
neutron activation method a serious 
competitor of many well known chemi- 
cal and spectroscopic methods even for 
concentrations well above trace levels to 
which conventional methods are easily 
applied. In this region the activation 
method is usually faster and has about 
the same accuracy as the older methods. 

Two advances played an important 
developing this activation- 
analysis method: the commercial avail- 


role in 


ability of (1) inexpensive positive-ion 
accelerators and (2) versatile and reli- 
able multichannel pulse-height ana- 
lyzers. Whereas earlier work 
was carried out with million-dollar nu- 
clear reactors, now a $20,000 acceler- 
ator enables one to do useful work in 
activation analysis (1). 


most 


Whereas most 
earlier work involved chemical separa- 
tion following activation and therefore 
took hours or days for analysis, the 
newer technique involves no separa- 
tions and needs only minutes for analy- 
sis. In the author’s opinion, these ad- 
vances will result in the widespread use 
of activation analysis. 


Available Neutron Sources 


Neutron sources for activation analy- 
sis may be conveniently classified in 
three main types: small-, medium- and 
large-flux sources. 
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In the first type fall isotopic sources 
such as radium-beryllium, polonium- 
beryllium, plutonium-beryllium and 
antimony-beryllium (2). Although 
these sources are inexpensive (~$2,000) 
and portable, they have the major dis- 
advantage of producing only ~10° 
thermal neutrons/cm?/sec (3, 4). 

The medium-flux sources—small 
Van de Graaff (5) and Cockcroft-Wal- 
ton (6) deuteron accelerators that cost 
~$20,000—can produce ~10*-n/cm?/ 
sec fluxes of 14-Mev neutrons and, 
after moderation, thermal neutrons. 
The cost of the accelerators is small 
relative to other particle accelerators 
because the H#(d,n)He‘* reaction does 
not require a large bombardment 
energy—in fact the reaction has its 
maximum cross section at ~0.1 Mev. 

For certain applications one needs 
the 10'~-10!*-n/cm?/sec thermal-neu- 
tron flux available only from small 
research reactors such as the $150,000, 
10-100 kw General Atomic Triga. 

Although as one goes to higher flux 
sources, the cost per neutron drops 
sharply, the capital investment rises 
considerably. It seems, therefore, that 
small deuteron accelerators provide an 
excellent compromise since with their 
flux one can determine many elements 
at concentrations as small as 1-10 
ppm (parts per million). 


Thermal-Neutron Activation 


For the past four years the author’s 
group has been developing a system of 
instrumental thermal-neutron activa- 
tion analysis using the 3-Mev Van de 
Graaff electron accelerator [usually 
used for radiation chemistry (7)] and a 
6-in. cube of beryllium as a neutron 
source. This method has been in semi- 
routine use for the past two years 40 hr 
a week; the Van de Graaff operates on 
evening shift for the work (8). 

In this system, 3-Mev electrons strike 
a gold target where they generate a 
very large intensity of x-rays (brems- 
strahlung) (9). These x-rays in turn 
bombard the beryllium block and pro- 
duce neutrons from the Be*%(7y,n)2He‘ 
reaction. These neutrons are slowed 


down to thermal energies by collisions 
with beryllium nuclei and with hydro- 
gen nuclei in the surrounding moderator 
tank of terphenyl. In the sample 
ports—vertical tubes mounted next to 
the beryllium block—the thermal-neu- 
tron flux is close to 10° n/cm?/sec. 
Each of the eight ports can hold as 
many as three 1-oz polyethylene sample 
bottles. By using large (25-gm) sam- 
ples one partially compensates for the 
moderate flux level and thereby in- 
creases the sensitivity of the system. 

A 3-in. well-type NaI (TI) scintilla- 
tion counter and a Penco 100-channel 
pulse-height analyzer with data printer 
and strip-chart recorder measures the 
gamma-ray spectrum of each activated 
sample. 

An initial survey of a large number 
of elements soon showed that at the 
10*n/em?/sec flux one could achieve 
quite useful sensitivities of detection for 
26 elements (Table 1). In fact, for 
quite a number of elements, one could 
get sensitivities in the parts-per-million 
range. The sensitivities in the table 
are based on irradiation times of 2 hr 
or less, but one should note that equally 
good sensitivities can be reached in 
much shorter activation times if the 
half-life of the radionuclide formed is 
very short. The elements, hydrogen, 
carbon, nitrogen, oxygen, fluorine, sul- 
fur, phosphorus, silicon and iron are 
not in Table 1 because they are not de- 
tected with thermal neutrons. This 
is fortunate since if they were de- 
tected, the major constituents of 
aqueous, organic, mineral and alloy 
samples would introduce interferences 
in determining minor components. A 
number of these missing elements can, 
however, be determined quite well with 
fast neutrons. 

Speed of method. The speed of the 
process enables one to use many in- 
duced activities of very short half-life 
that decay too rapidly to allow time 
for chemical separations. With such 
short half-lives one very quickly ap- 
proaches saturation or steady-state 





TABLE 1—Sensitivities of Detection 


Limit of detec- 
tion (ppm) 





Elements 





0.1-1 V, Co, Br, Ag, In, I, Re, 
Au, Mn 

Na, Al, Cl, Cu, As, Sb, W 

Ti, Mo, Ru, Sn, Pt 

Mg 

K, Ca, Ni, Zn 


10-50 
50-100 














QuiK-Konnect 
PLUGS AND JACKS 





New Honeywell QuiK-Konnect Plug and 
Jack Assemblies provide fast, fool- 
proof connection of thermocouples to 
extension wire, and thermocouple ex- 
tension wire to instruments. Inserts of 
different diameter positive and negative 
poles insure correct polarity every time. 
inserts are easily removed for field 
calibration change or replacement, and 
can be furnished in different metals to 
match thermocouple alloy. Honeywell 
Quik-Konnect Accessories include iden- 
tos, cable clamps, and tube adapters. 


Get complete details from your nearby 
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Neutron Activation Analysis 
This article starts on page 81 


activity in a sample. Thus one 
reaches a level of one half the satura- 
tion activity in an irradiation time 
equal to the half-life of the radio- 
nuclide being formed; three fourths in 
two half-lives; seven eighths in three 
half-lives, and so on. For this reason 
and because longer irradiations in- 
crease interferences from longer-lived 


activities it is seldom desirable to acti- | 


vate for longer than a few half-lives 
of the nuclide. Many of the activities 
in the instrumental method have half- 
lives in the range of minutes (Table 2). 
Even for the longer-lived nuclides the 
average activation time for each sample 
is short if a number of samples are 
activated simultaneously. For exam- 
ple, if a number of samples are to be 
analyzed for arsenic, as many as 24 
samples can be activated simultane- 
ously. Although for maximum sen- 
sitivity a 2-hr activation would be em- 


ployed, the average time spent on | 


activation for each sample is only 120 


min divided by 24, or ~5 min per | 


sample. In addition to the activation 
time of 5 min, one spends ~5 min to 
determine the gamma-ray spectrum 
of the activated sample and an addi- 
tional 5 min to calculate the photo- 
peak area. 
of ~15 min is fairly typical in this 
method for one constituent (10). The 


amounts of other elements that might | 
show up in the gamma-ray spectrum | 


may be computed in perhaps 5 addi- 
tional minutes each. 

Interferences of one activity with 
another can be eliminated or reduced 
to a minimum in most cases by choosing 


suitable activation times and decay 


periods before counting. 
At levels well above the limiting 
sensitivities and in the absence of 


serious interference the precision of 


the method for one determination is 





TABLE 2—Nuclides in Analysis 


Range of half-lives 
< 10 min 10-060 min houre 
9.5—Mg? 37—Cl* 
2.3—Al™ 10—Co#™ 
8.7—Ca*” 18—Br* 
6.8—Ti™ 15—Mo!™ 
3.8—V* 54—Inte 
5.1—Cu" 25—I18 
2.2—Agi** 20—Reiss™ 
9.5—Sn!% 

3.5—Sbi:™ 


15—Na™ 1,1—As7# 
12—K® 1.0—W ss" 
2.6—Mn" 2.7—Au'* 
2.6—Ni*s 

14—Zn™ 

4.5—Ru% 











Thus a total analysis time | 
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2% of the value. Also, at such| 
high levels even short (5-10 min) ac- 
tivations are sufficient for the longer- 
lived nuclides shown in Table 2. 

A very useful feature of the instru- 
mental method is the speed with which 
a suitable activation-analysis procedure 
can be worked out for relatively little 
known elements (10). A well qualified 
analytical chemist, not already familiar 
with an element, would take many 
days, weeks or even months to investi- 
gate the literature on the chemistry of 
the element and try out various reac- 
tions in developing a good analytical 
method. On the other hand, the 
author needs only about an hour to 
develop a neutron activation method 
for an unfamiliar element: a_ brief 
glance at the “General Electric Chart 
of the Nuclides” and the ‘Seaborg 
Table of Isotopes,” a short calculation 
of estimated activity, a few minutes 
activation of a pure compound of the 
element, a few minutes counting with 
the gamma-ray spectrometer and a few 
further calculations are all that are 
needed. From this information one 
can get the experimental gamma-ray 
spectrum of the activated element, 
the half-life of its principal nuclide; 
data for calculating the ultimate sensi- 
tivity at 10* n/em?/sec and an idea of 
which of the more common elements 
might interfere with the determination 
of the element. 

Although the purely instrumental 





method has many advantages of speed 
over other methods, it is not suitable | 
in all cases. In some complex samples | 
interferences exist that require chem- 
ical separations (11-15). Meinke has 
recently developed very rapid chemical 
separation techniques that allow one to 
use even fairly short-lived activities 
with advantages in freedom from 
interferences obtained by the separa- 


tions (16). 


Fast-Neutron Activation 


The 14-Mev fast neutrons generated 
in deuteron accelerators activate many 
elements that are not suitably acti- 
vated by thermal neutrons. For ex- 
ample, fast-neutron activations have 
been used for oxygen (17), nitrogen, 
phosphorus, fluorine, silicon and iron 
(18). For many of these elements, 





instrumental activation analysis with | 
fast neutrons gives sensitivities of 10—-| 
100 ppm. Although the field of fast-| 
neutron activation analysis is not yet | 
as completely developed as that with 
thermal neutrons, progress is very 
rapid and the method offers promise. 
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The intense x-ray flux suggested the 
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ments soon revealed that some 16 SPECTROMETRY 
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Oak Ridge Fusion Group Lengthens Containment Time in DCX 


Using the DCX (Direct Current Experiment) [NU 18, No. 3, 138 (1960)] mem- 
bers of the Oak Ridge Thermonuclear Division have recently increased the con- 


tainment time for rapidly circulating hydrogen ions at moderate densities | 


(10? protons/cm*) from a few thousandths of a second to ~3 sec. In these 


experiments a plasma ring of 300-kev protons was formed concentric. with the | 
magnetic axis without the carbon are used with 600-kev diatomic hydrogen ions | 


in the DCX, 
residual gas molecules. 
this method the protons “are well trapped. 


This was possible because collisions occur between the ions and 


presence of residual gas.” In the future the group “will undertake to increase 
the density of stored ions, to study the extent of orbital disorganization, and 
to investigate the homogeneity of the ion distribution.” (Based on article by 
C. F. Barnett, et al., Phys. Rev. Letters 6, 589, June 1, 1961.) 


Resonance Helix Confines Particles in Magnetic Mirror 


\ new idea for injecting and trapping energetic charged particles in magnetic- 
mirror geometries may confine particles for lengths of time interesting to Project 


Sherwood. In this method, originally proposed by the Russians (1), modified 


by Richard C. Wingerson of MIT (2) and experimented on at the Los Alamos | 


Scientific Laboratory (3), a 100-gauss magnetic field between the mirrors is 
weakly modified by a field that is both perpendicular to the mirror-field axis and 
rotates spatially around it (see figure). This perturbing field is formed by a 
variable-pitch helix that has its axis coincident with the axis of the mirror field. 
If a charged particle is injected parallel to the mirror-field axis, a resonance 
condition exists between (a) the longitudinal velocity of the particle, (b) the 


strength of the mirror field and (c) the period of the modulating magnetic field. | 
While this resonance condition exists, longitudinal energy is transferred to per- | 
if the perpendicular energy is not transferred rapidly back | 
into longitudinal energy on subsequent particle trips, particles will be trapped. | 
Alamos theoretical calculations have been made of resonance condi- | 


pendicular energy. 


At Los 
tions for a simplified model. 
tested the method. 
rial and aluminized to make it conducting, one can determine whether an injected 


In addition, two types of electron experiments have 


electron beam obeys the resonance condition by observing its rotation about the | 
In the second, one measures with a current-col- | 


center line of the apparatus. 
lecting cap the current transmitted down the tube and the energy distribution 
of the electron beam parallel to the magnetic field. From these experiments the 


Los Alamos group finds that the resonance condition is verified and that three | 
quarters of the 2-kev initially injected beam energy is transferred into perpen- | 


dicular energy. Although preliminary, these measurements indicate some elec- 
tron confinement. 


Work now being done at Los Alamos is aimed at finding whether the per- 


turbing field needed to inject and trap energetic particles breaks down the | 
containment properties of mirror machines to such an extent that the system | 


becomes impractical. Results will be 
announced at the IAEA 
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C. F. Barnett, director of the group, reports that in | 
An encouraging aspect is that 
the experiments disclose reason for expecting even longer residence times. At | 
these rather modest densities of trapped ions, no loss mechanisms have been | 
observed in our containment scheme other than those depending upon the | 


In the first, with a glass plate coated with scintillating mate- | 
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on Plasma Physics and Controlled | 
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Nuclear Power in Space 


Manco Special 
Hydraulic Devices 


Cee ne eer ee 


Dear Sir: 





We noted with interest the comments 

in the April issue of NUCLEONICs that 

|SNAP-2 had completed the longest 

™ | sustained run for a high temperature 
! | reactor (100 hr at 1,200°F). 

You may be interested to know that 

| Aerojet-General Nucleonics’ GCRE 

has completed two 100-hr full-power 

' | runs for experimental purposes and, on 


| 
| 
| 


|full power. Full power at GCRE is 
| ~2.2 Mw/(t) and is defined as that 
power level where the coolant effluent 
from the hottest fuel-element chan- 
nel(s) is 1,300°F. 

|| This normally corresponds to a mixed 

| | mean coolant effluent temperature for 
| the entire reactor of 1,150—1,200°F. 
—Lairp DurHAM 


Aerojet-General Corp. 
San Ramon, Calif. 


|On Radionuclide Heat Sources 
| 


| Dear Sir: 
In the April 1961 issue of NUCLEONICS 
(ed. note: Radionuclide Power for Space 
| Missions, by Douglas G. Harvey and 
Jerome G. Morse) I have found some 
numerical quantities that I am unable 
to confirm. 
Table 1 on page 70 furnishes for 
different radionuclides the quantities: 
watts/cm*, gm/cm* and curies/watt. 
By a simple combination of these three 
parameters, one can calculate the num- 
ber of curies per gram for the four 
emitters: Ce'4*—250, Pm'*’7—450, Cs!*" 
—104, Thus one the 
| number of curies of emission per gram 
| of a chemical compound containing the 
radionuclide; if one knows the chemical 
. : formula it is easy to calculate the num- 
quiry on units of this type or ber of curies of emission per gram of the 
oe Mie 0 of “oad emitting substance. One finds: Ce™* 
equipment involvin —205 Pm147— 425 ‘c137__19Q S,90_— 
tt lheniiies — Pm 535, Cs 128, Sr 
would be welcome. =e 


for nuclear processes 


The unit illustrated is used in 
the salvage severance of obso- 
lete pipelines. In actual use the 
cutting head is suspended in 
the “hot” area and is operated 
by remote control. It is control- 
lable in a manipulator “wrist 
action” for positioning between 
manifolded pipe headers. In 
less than 10 seconds it will cut 
4” O.D. x .226 wall Inconel pipe 
at room temperature. Your in- 


Sr*—17. has 


These last figures, however, differ 
appreciably from those furnished by the 
| classic formula: curies/gm = 355,000/ 
| AT (A is atomic mass in grams; 7’ is 


| half-life in years.) 
One then gets the following table: 
d T curies/gm 
Ce 3,120 


Pm : 1,060 
MFG. CO. Cs 72 


BRADLEY, ILLINOIS |S 156 
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How do you explain these differences? 
Is it possible that the chemical composi- 
tions you are considering contain iso- 
topes of the radionuclide considered 
which would explain why your num- 
bers are less than the theoretical num- 
bers obtained using the formula above? 
(Even these considerations, can’t justify 
the case of cesium.) 
G. PARREINS 
Commissariat a l'Energie Atomique 


Centre d'Etudes Nucleaires de Saclay 
Gif-sur-Yvette, France 


The author answers .. . 


Dear Sir: 

We have reviewed Mr. G. Parreins’s 
critique of our article in the April issue 
of NUCLEONICS and have detected an 
error in the values given in Table 1, 
page 70. The thermal power for Cs'*’ 
Cl should read 0.27 watts/em*. In 
Mr. Parreins’s analysis this would give 
a value of 26.6 curies/gm for Cs!*’, 

Using this corrected value for cesium 
and the other values quoted, one finds 
that the obtainable specific activities 
for the isotopes in question are con- 
siderably below the theoretical values. 
Impurities (usually sister isotopes) in 
the initial fission-product waste and 
impurities introduced as carriers in the 
separation procedure cause this 
discrepancy. 

Our apologies for this incorrect data. 

—Dove.as G. Harvey 
—JrROME G. MorRsE 


The Martin Company 
Baltimore, Md. 


Keeping Up with Nuclear 
Literature 


Dear SIR: 


In your Spring Book Roundup in the 
May 1961 issue you devoted consider- 
able space to the problem of keeping up 
with the nuclear literature. We were 
astonished to find no mention of Chemi- 
cal Abstracts as a source for keeping 
abreast of nuclear literature, as we 
regularly publish in Section 3A, Nu- 
clear Phenomena, and in related sec- 
tions, abstracts of nuclear literature 
(of chemical interest) published in all 
languages throughout the world. This 
includes coverage of some 1,500 Russian 
journals, the most complete collection 
in this country. 

—B. SCHLESSINGER 
—R. SALVADOR 


The Chemical Abstracts Service 
Ohio State Universtiy 
Columbus 10, Ohio 
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Radiation Damage in Solids 


By DOUGLAS S. BILLINGTON and JAMES H. 
CRAWFORD (Princeton University Press, Prince- 
ton, N. Y., 1961, $12.50, xi + 450 pages) 


MicHaeL W. THOMPSON, 
AERE, Harwell, England 


Reviewed by 
Metallurgy Div., 

This book should be welcomed both 
by existing and intending specialists in 
the field of radiation damage. It is 
not a work from which the casual 
reader could quickly gain an over-all 
picture of the field, but rather a refer- 
ence book with sufficient introductory 
material to provide the newcomer with 
a sound The 
authors have been actively interested 
in this subject since its very early days 
and it would be hard to imagine a team 
better qualified to treat it. The style 
of writing is attractive, the subject 
matter well arranged and the mathe- 
matical arguments presented in a sim- 
unnecessary 


basis for research. 


ple manner without 
sophistication. 

Such a comprehensive view of the 
subject at this detailed level has not 
previously been attempted. The first 
few chapters deal with general aspects 
such as the collision processes leading 
to damage, the nature and basic proper- 
ties of crystal defects and a comparison 
of radiation sources. The last of these 
three chapters contains a valuable col- 
lection of data on damage rates and 
charged-particle penetration and is 
typical of the way in which the experi- 
menter’s needs have been catered to 
throughout. Subsequent chapters deal 
with damage in each main class of 
crystalline solid. In these chapters the 
detailed presentation and critical as- 
sessment of experimental data makes 
each one at least equivalent to a review 
article. Although the subject is 
treated from the standpoint of solid- 
state physics, the authors have empha- 
sized the importance of radiation dam- 
age in nuclear technology in the last 
two chapters on graphite and uranium. 

It seems inevitable that in a book 
that deals with a developing field of 
research, some of the material will be- 
come dated in the interval between 
writing and publication. It is not sur- 
prising therefore that new discoveries 
and techniques—for instance the im- 
portance of point defect clustering 
shown recently by electron microscopy 
—have resulted in certain shifts of 
emphasis. In general, however, these 
have affected the interpretations to a 
limited extent and the basic value of 
the book remains undiminished. 
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Fast Reactor Cross Sections— 
A Study Leading to a 16 
Group Set 

By S. YIFTAH, D. OKRENT and P. A. MOLDAUER 
(Pergamon Press, New York, 1960, $5.00, 130 
pages) 


Reviewed by Grorce E. Hansen, Los 
Alamos Scientific Laboratory, Los Alamos, 
New Mexico 


This well written monograph sets 
down in a concise fashion those neutron 
interactions of primary importance in 
fast reactors, the corresponding cross- 
section data that are available for the 
more prevalent fast-reactor materials, 
the reduction of these data to a multi- 
group form suitable for reactor compu- 
tation and a comparison of computed 


and experimental values pertaining to | 


critical sizes and neutron-flux spectra 


of selected fast-neutron critical | 


assemblies. 


Because of gaps and apparent incon- | 
data | 
some 


sistencies in the cross-section 
(summarized in Chapter 7), 
guidance is needed for the reduction to 
multigroup form; the authors illustrate 
the application of nuclear models for 


this purpose and special detail is given 


for inelastic scattering. As an under- 
standable ground rule for their study, 
the authors refrain from using integral 
data for additional guidance. I object, 
however, to the rationalization in the 
concluding sentence of the book: 
“Hence, the procedure employed only 
too often in the past, of adjusting one 
or more parameters to fit a limited 
range of critical experiments, will be 
useful over the range covered, but may 


lead to major errors upon application | 
to a different set of circumstances.” | 


The implication seems to be that guid- 
ance by integral data may be worse 
than no guidance at all. 

The authors have succeeded very 
well in presenting their study and the 
monograph should prove valuable to 
those interested in fast or intermediate 
reactors and those engaged in finding 
neutron-cross-section or integral data. 


Modern Nuclear Technology 


Edited by MARK M. MILLS, ARTHUR T. BIEHL 
and ROBERT MAINHARDT (McGraw-Hill Book 
Co., New York, 1960, $9.50, ix + 336 pages) 


Reviewed by Joun R. Menke, Nuclear 
Development Corp. of America, White 
Plains, N. Y. 

There has been a growing need in 
nuclear literature for a text aimed at 
the multitude of semiscientific person- 
nel in the nuclear and allied industries 
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who do not work direetly on technical 
problems but have an influence on the 
direction to be taken by many phases 
of this field. ‘‘Modern 
Nuclear Technology” essentially fills 
this gap. Management and nonnu- 
clear technical personnel should find it 
both informative and interesting. 

I have the following four specific 
criticisms of the contents of the book. 

First, the section on economics is 
with the detail 


diversified 


does not describe adequately the close 
connection between the various financ- 
ing schemes and the choice of reactor 
type and power-conversion equipment. 

Second, three power-reactor types 
are discussed in detail in Part II, leav- 


| ing the impression that there are no 


serious contenders. The boiling-water 


| reactor is conspicuous by its absence. 


Third, the impact of the availability 


| of government-owned enriched uranium 
| on the power-reactor phase of the indus- 
| try 
| method of handling the 
| of enriched uranium in 


through. The 
procurement 
an otherwise 
’’ industry has been under 
active debate for some time and is of 
considerable interest to organizations 
contemplating procurement of reactors. 

Fourth, the future of nuclear energy, 
which is a major concern to company 
management, is rather brief. A prog- 
nostication of where we go from here, 
possibly written by the editors of 
NUCLEONICS, would have added some 
interesting points for discussion. 

In conclusion, McGraw-Hill is to be 
congratulated for making available a 
book which is, in general, up to date in 
a very rapidly advancing field. It is 
only in the discussion of specific reac- 
tors that the time span between the 
lectures (1956 and 1957) and the pub- 
lishing date (1960) becomes apparent. 


does not come 


Services of the Engineering Index. If 
you want to keep abreast of the articles 
in your particular field that appear in 
the more than 1,800 engineering and 
technological publications now in print, 
contact the Engineering Index. They 
will send you index cards of the articles 


| in all publications that might interest 
| you; then, if you can’t find the particu- 
| lar publication in your library, 
| will send you a microfilm copy or a 


they 


photostat of the article. For further 
information: Engineering Index, Inc., 
29 W. 39th St., New York 18, N. Y. 
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Boron Silicide—A New High-Temperature Material 


Two well defined compounds—tetraboron silicide (B,Si) and hexaboron silicide 
B,Si)—developed by Allis Chalmers, have high-temperature properties that 
make them excellent for reactor work. The compounds, containing 70% and 
60 % boron, respectively, not only have low densities bulk density 0.40.7 gm/cm*) 
and good thermal-shock resistance but also show for extended periods outstanding 
oxidation resistance to temperatures up to 1,400°C in air. Consequently, they 
can be incorporated into steels for reactor control rods, encapsulated and used as 
burnable poisons or used in gas-cooled reactors where temperatures exceed 
~594°C—the limit for boron carbide in oxidizing atmospheres. 

Most boron-based solids corrode in air at about 800°C because atmospheric 
oxygen attacks the solids and forms volatile boric acid. Boron silicide, on the 
other hand, resists oxidation because it forms a protective boron-silicon-oxygen 
coating at temperatures above 700°C. 

The excellent thermal-shock resistance of the compounds is partially due to 
their small thermal expansion. For example, oxide-bonded B,Si and B,Si bodies 
(2.5 X 2.5 X 0.3 cm) have been cycled from 1,095 to 25°C air blasts repeatedly 
without cracking. These bodies have also been quenched in water from 1,095°C 
without shattering. 

Allis Chalmers’s microhardness measurements on B,Si show an average Knoop 
(100-gm load) hardness of 2,400. For B,Si they get hardness values of 1,900- 
2,400. 

Both boron-silicide compounds are produced as black, free-flowing microcrystals 
of 70 microns or finer. The powder can be fabricated by conventional metal- 
lurgical and ceramic techniques: by oxide-bonding, self-bonding or hot-pressing. 
Components made from the compounds are shown in the figure. Recently, Allis 
Chalmers has developed a spray technique for applying these two boron-silicide 
compounds to parts that must be resistant to oxidation. For instance, the com- 
pany claims that with the spray technique both graphite and molybdenum can 
be used structurally in such areas as air-cooled reactors which were previously 
forbidden to the metals. 

The spray process is two fold. 
plasma jet device with about 0.004 in. of the boron-silicide material. 
is then heat treated. 


First the object to be coated is sprayed by a 
The object 


(Article partly based on a paper by Ervin Colton, Research Division, Allis Chalmers Manufacturing Co.) 





Vol. 19, No. 8 - August, 1961 


Resistance temperature sensor, Model 
177A, for industrial applications in- 
volving radiation. Designed to meas- 
ure temperatures in —70°-+300°C 
range, sensor withstands 500-rads/hr 
dose rate, 1 Mev average. Time con- 
stant is <5 sec for 63.2% of total re- 
sistance change when probe is plunged 
from room temperature air into hot 
water.—Rosemount Engineering Co., 
4900 W. 78th St., Minneapolis 24, 
Minn. 


Rate control. Digital comparator ac- 
curately controls speed, flow rate and 
pressure and provides formula control 
in multiple-component blending sys- 
tems. A form of beat-frequency gener- 
ator, the comparator delivers a series 
of pulses that cause a correction pro- 
portional to the error in the system. 
Jordan Controls, Inc., 3235 W. Hamp- 
ton Ave., Milwaukee 9, Wis. 


Counting shield. Model A-500 (above) 
shields the counting enclosure with 
214 in. of iron on all sides—the equiva- 
lent of 1.85 in. of lead. Enclosure is 
lined with 1¢ in. of aluminum. Shield 
adapts to scintillation-well, scintilla- 
tion-planchet, flow-proportional and 
G-M counting—Hamner Electronics 
Co., P. O. Box 531, Princeton, N. J. 


Sanolin disposable sheeting is double 
faced to absorb radioactive drippings 
and keep them from penetrating work 
surfaces. Absorbing front surface is 
cellulose; repellent back is waterproof 
plastic. Sanolin comes in sheets from 
13 X 19 in. to 40 X 90 in.—B. H. Jor- 
dan Co., 64 E. 8th St., New York 3, 
Ni; (Continued) 
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Automatic sample changer. SC-100 
Multi-Matic Sample Changer (above), 
small enough for desk-top use, accom- 
modates fifty samples in sizes up to 2in. 
In contrast to previous stack changers, 
this one transports samples with a hori- 
zontal drive that makes samples in- 
stantly accessible—Tracerlab, 1601 
Trapelo Rd., Waltham 54, Mass. 





Generator and particle accelerator. 
Rayotron, a half-million-volt electro- 
static generator combined with a high- 
energy particle accelerator, generates in- 
tense x-rays (above). As a generator, 
Rayotron is a self-contained Van de 
Graaff-type unit able to sustain a cur- 
rent of 20-30 yuwa.—Atomic Labora- 
tories, Inc., 3086 Claremont Ave., 
Berkeley 5, Calif. 


Semiconductor neutron detector. This 
solid-state neutron-sensitive ionization 
chamber with mysec response and low 
gamma sensitivity operates at 25v. It 
comes in 5 X 5-mm or 10 X 10-mm 
sizes with uranium, boron, lithium or 
hydrogenous material coatings.—Solid 
State Radiations, Inc., 9926 W. Jeffer- 
son Blvd., Culver City, Calif. 


90 


All-metal insulation for EGCR. 50,000 
lb of stainless steel will insulate from 
heat the walls of the Oak Ridge Experi- 
mental Gas-Cooled Reactor. The 
insulation is “sandwich-like” with thin 
strips of corrugated stainless steel as 
“meat”? and outer “bread” layers of 
noncorrugated steel—Solar Aircraft 
Co., 200 Pacific Highway, San Diego 
12, Calif. 


More intense X-ray beam. For non- 
destructive industrial testing a high 
powered X-ray tube has been devel- 
oped with a tiny (0.012 in. wide), con- 
centrated focal spot. Since the angles 
of the x-ray striking an object are re- 
duced, the image sharpness and in- 
tensity are increased and objects léoo 
The tube 


can be used on the assembly line for 


in. wide can be examined. 


continuous inspection of dense mate- 
rials; tube is attached to a TV monitor 
above) for viewing.—Picker X-Ray 
Corp., White Plains, N. Y. 


r 


Robot-vise positioner (above) has one 
to three arms, each with a machinist’s 
clamp on the end that can be adjusted 
to any position and will hold a weight 
of 10 lb. The flexible arms move in 
three dimensions and the whole assem- 
bly rotates around three axes.—Nor- 
man Epstein, R. D. 2, Carmel, N. Y. 





Four chasses measure activity. Avail- 
able individually or in a single inte- 
grated unit, Logic 801 (above), the 
chasses are a preamplifier, high-voltage 
supply, scaler and timer. These 
chasses along with a cooling base make 
up Logic-802 unit for G-M counting or 
proportional and scintillation counting 
with integral pulse-height analysis. 
Nuclear-Chicago Corp., 359 E. Howard 
Ave., Des Plaines, Ill. 


Automatic pyrometer (above) meas- 
ures and controls continuously tem- 
peratures up to 10,000° C; it records 
changes to less than one degree. A 
standard lamp calibrates the device.— 
Atomics International, P. O. Box 309, 
Canoga Park, Calif. 

Pico-ammeter. High-gain, feedback 
electrometer has accuracy better than 
3% of full-scale at all outputs. Range 
is 10-'*-10-* amp and speed of response 
is less than 1 msec to 64% of final value 
at 10-%10-? amp.—General Electric 
Co., Schenectady 5, N. Y. 


industrial x-ray film. Type M, single- 
coated code 5534 is available in 14 X 
17, 8 X 10 and 5 X 7 in. sizes. Film 
has regular Type M emulsion coated 
on one side of film base and black gela- 
tin coating on other side. Exposure 
speed is 14 that of double-coated Type 
M film.—Eastman Kodak Co., Roches- 
ter 4, N. Y. 
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“bottled engineering” 





If you require something really special or unique in vacuum tubes, ITT can give you 
precisely the kind of advanced original thinking and hardware needed to satisfy your 


application 


For 20 years our staffs have provided the level of engineering-in-a-bottle 


which establishes the threshold of knowledge in this field. ITT has created 

hundreds of tube types for radiation detection, light amplification, display and for 
many other purposes, including the representative types listed at right. 

With this unique facility at your disposal you need not design electronic systems 
around tube components that only “approach” your needs. You can get exactly the 
kind of “bottled engineering” required, from ITT. Send your requirements directly to 


Components and Instrumentation Laboratory 


ITT 


Mr. Dean Davis, Tube Laboratory Manager. 


e RESEARCH 

¢ DEVELOPMENT 

© PILOT PRODUCTION 
¢ PRODUCTION 


A DIVISION OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


3700 EAST PONTIAC STREET 


7 FORT WAYNE, INDIANA 


Ultraviolet photodiodes and 
multipliers 


Infrared and visible photo- 
multipliers 


@ Direct view storage tubes 
Electrical read-out storage tubes 


Pulsed image tubes and shutter 
tubes 


Multialkalide cathodes 


Transparent phosphors 
@ Phofotubes for nuclear detection 


High current phototubes and 
multipliers 


Infrared detectors and cryogenics 


Infrared to visible image 
converter tubes 


@ Star tracking photomultipliers 


Image dissector tubes for 
spectrometry 


Image intensifiers and light 
amplifier tubes 


If you design electronic 
systems requiring special 
purpose vacuum tubes, a 
new |TT-developed slide 
chart, ‘‘Phosphors and ~ 3 

Photocathode Character- =~ 
istics”, will be of / ge =Stey 
interest and value. (A. & 
Send requests to , cee, 
Component Sales. ¢° =. ae 
wees, 
~e/ 








Steel for Antarctic reactor. Lukens 
is providing 38 steel half shells (above), 
eight heads and seven flat plates for 
cladding the Antarctic power reactor 
in McMurdo Sound. Twenty tons of 
special-duty steel cladding will be 
shipped to the South Pole in November. 
Lukens Steel Co., Coatesville, Pa. 


Field-effect transistor. About ten 
times more resistant to radiation than 
conventional transistors, this silicon 
field-effect transistor combines the 
advantages of the thermionic pentode 
and conventional transistor. It is a 
three-terminal amplifying device.— 
Crystalonics, Inc., Cambridge, Mass. 


Vol. 19, No. 8 - August, 1961 


Testing plutonium hardness. De- 
signed for glove-box operation, testing 
machine for plutonium hardness has 
operating controls, 1,800°F electric 
furnace, indexing compound and micro- 
scope.—Riehle Testing Machine Div., 
American Machine and Metals, East 
Moline, Ill. 


rele cL ol cl oan 


Multiple coincidence unit. Based on 
a design by Robert L. Chase of Brook- 
haven, the Model 801 (above) accepts 
up to five input signals and delivers 
three simultaneous output signals so 
that three aspects of a decay scheme 
can be studied at once. Coincidence 
resolving time is adjustable from 0 to 
180 myusec.—Cosmic Radiation Labs., 
Bellport, N. Y. 


Neutron ionization chamber. Similar 
to that developed for the Fermi Reac- 
tor in Chicago, this monitoring probe 
(above) will detect thermal neutrons in 
the 250-2.5 X 10'° n/cm*/sec range in 
a gamma field of 15,000 r/hr. Cham- 
ber operates up to 550°F.—Lionel Elec- 
tronic Laboratories, 1226 Flushing 
Ave., Brooklyn 37, N. Y. 


1% zirconium-niobium tubing. De- 
veloped for fuel-element cladding and 
heat-exchange tubing in reactors, mate- 
rial retains pure niobium (columbium) 
low nuclear cross section and excellent 
resistance to corrosion but extends the 
application of the tubing to higher 
temperatures.—Superior Tube Co., 
1552 Germantown Ave., Norristown, 
Pa. (Continued) 
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6-lb welding gun will be used at Indian 
Point to weld condenser tubes to tube 
sheets. Gun has successfully welded 
30 tons of tubes to sheets in N. 8S. 
Savannah. It makes a permanent 
joint with a rotating tungsten electrode 
in an inert-gas atmosphere; no filler 
metal is needed and the tensile weld 


strength is large—Revere Copper and 
Brass Inc., 230 Park Ave., New York 
Oe 


Four series of capacitors. Low-in- 
ductance storage capacitors with power 
ratings up to 20,000 Mw come in series 
NRG-114, NRG-200, NRG-300 and 


NRG XN-249. Units range from 20 
to 125 kv d-c in capacitances from 0.1 
to 10 mfd with 80—7,200 watt-sec 
ratings and inductances from 0.005 
to 0.08 mh.—Cornell-Dubilier Elec- 
tronics Div., Federal Pacific Electric 
Co., 333 Hamilton Blvd., S. Plain- 
field, N. J. 


Radiation films for students. ‘‘Nu- 
clear Radiation,” a series of seven films, 
some in black and white, some in color, 
explain on the high-school level, types 
of radiation, tell how each is detected 
and used and about radiation damage 


— and fall out.—Cenco Educational 
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Test facilities - Laboratories - Production plants 
a turnkey service by Stearns-Roger 


For years Stearns-Roger has been a pioneer in the designing and building of high 
pressure —low temperature facilities for gas processing and handling. Complete 
LH, plants are the products of Stearns-Roger engineering and construction 
services. Investigate our qualifications in Cryogenics, Nuclear Facilities, as well 
as Missile and other defense-related installations. Write for details of our 


SINGLE RESPONSIBILITY SERVICE. 
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Films, 1700 Irving Park Rd., Chicago 
13, ll. 


30-Ib zinc crystals. Single zine crys- 
tals, 5 in. in diameter, are available 
for neutron diffraction work. The 
crystals are 99.999% pure zinc.—Semi- 
Elements, Inc., Saxonburg Blvd., 
Saxonburg, Pa. 


Temperature transducers. Speci- 
fically designed for nuclear work, these 
transducers use a tungsten resistance 
element. Transducers operate up to 
500°F; they have a time response suc .: 
that in ~0.4 sec the element reaches 
63% of final resistance value.—Winsco 
Instruments and Controls, 11789 W. 
Pico Blvd., Los Angeles 64, Calif. 


Solid-state temperature monitor- and 
alarm-system for reactor control work 
operates to temperatures of 1,500°F. 
The remotely adjustable unit with 
manual or automatic reset is calibrated 
at 4 points and has 1 % meter indicator 
with 250 deg rotation and over-all accu- 
racy to 0.5%.—Astra Technical Instru- 
ment Corp., 12930 Panama St.,” Los 
Angeles 66, Calif. 


Solid Film Lubricant Additine. 1 p.; 
Lord Laboratories, Box 133, Rooses 
velt Station, Detroit 32, Mich. (sam- 
ples available). 


Tomorrow Metals Today. 12 pp.; 
Wolverine Tube Division, Calumet 
& Hecla, Inc., 17200 Southfield Rd., 





Allen Park, Mich. 
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Uranium Metal, Intermediate & High 
Enrichment. UO,, Low Enrichment 
Ceramic Grade. 2 pp.; Mallinck- 
rodt Nuclear Division of MCW, 
3600 N. 2nd St., St. Louis 7, Missouri. 


Aluminum for Nuclear Applications. 
25 pp.; AB Svenska Metallverken, 
Skultuna, Sweden 


Four Pi Gas Flow Counter. 2 pp.; 
Instrument & Development Prod- 
ucts Co., Inc., 355 W. 109th Place, 
Chicago 28, IIl. 


Conoseal Union Fitting. 4 pp.; Aero- 
quip Corp., 11214 Exposition Blvd., 
Los Angeles 64, Calif. 


Straightway Stainless Steel Gate 
4 pp.; Gachot, A.G.B.P. 16, | 
France 

ae 
Stainless Piping | 
for Nuclear Service. 4 pp.; San- 
dusky Foundry & Machine Co.,| 
Sandusky, Ohio | 


Valve. 


Enghien 


Centrifugally-Cast 


35 pp.; United | 


Centrifugal Casting. 


States Pipe & Foundry Co., Burling- 
ton, N. J 


Magnets and Accessories. 12 pp.; 
Harvey-Wells Nuclear Corp., 43 
Kendall St., Farmingham, Mass. 


2 Low-Cost, Multi-Purpose Electrome- 
ters. 2 pp.; 

Megohm Bridge Self-Contained. 4 
pp.; Keithley Instruments, 12415 
Euclid Ave., Cleveland 6, Ohio 


Oscilloscopes and Associated Instru- 
mentation. 16 pp.; Tektronix, Inc., 
P. O. Box 500, Beaverton, Oregon 


Millimicrosecond Oscilloscope, Single 
or Dual Channel. 6 pp.; Lumatron 
Electronics, Inc., 116-120 County 
( ourthouse Rd., New Hyde Park, 

Pe lp ee 


Electric & Pneumatic Controllers. 56 
pp.; Minneapolis-Honeywell Regu- 
lator Co., Wayne and Windrim 
Aves., Philadelphia 44, Pa. 


Universal Automatic Check-Out Sys- 
Audiotronics Co., Box 
Dayton 29, Ohio 


tem. 
2187, 


S pp.; 


Dual Purpose 2 pi Sample Changer 
and Gas Flow Counter. 2 pp.; 
Instrument & Development Prod- 
ucts Co., Inc., 355 W. 109th Place, 





Chicago 28, IIl 
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Vacuum Furnaces. 23 pp.; Consoli- 
dated Vacuum Corp., Rochester 3, 
We Bs 


Nuclear Electronics Laboratory. 8 
pp.; Hughes Aircraft Co., Box 
90515, International Airport Sta- 
tion, Los Angeles 45, Calif. 


Product Catalog. 62 pp.; Radiation 
Equipment & Accessories Corp., 665 
Merrick Rd., Lynbrook, N. Y. 


Catalogue No. 3 on Nuclear Equip- 
ment. 41 pp.; N. V. Philips’ 
Gloeilampenfabrieken, Eindhoven, 
Netherlands 


Instrument Modernization Service. 2 
pp.; Tracerlab, Inc., 1601 Trapelo 
Rd., Waltham 54, Mass. 


New Products for 1961. 
Corp., Electronic Tube 
Box 1226, Plainfield, N. J. 


Burroughs 
Division, 


Elgeet Closed Circuit Television 
Microscope. 4 pp.; Elgeet Optical 
Co., Inc., 838 Smith St., Rochester 
6 Bie: 


Rare Earth Metals, Revised Data & 
Costs. 1 p.; Research Chemicals, 
Box 431, 170 W. Providencia, Bur- 
bank, Calif, 


(Continued) 
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FUSED GLASS AND METAL 
MISSILE PARTS CLEANED 
QUICKLY AND WITHOUT 
DAMAGE TO GLASS GLAZE 


with VAPOR BLAST 


liguid Honing 


Vapor Blast Liquid Honing 

process cleans metals fused 

to glass without removing 

glaze or damaging the glass. 
Yet the metal parts are 

thoroughly cleaned, burrs re- 

moved, in shortest possible time. 


Bring or send parts for test 
cleaning. No obligation. 
*Liquid Honing and Vapor 


Blast are trademorks. 
VAPOR BLAST 
MFG. CO. 


3039 W. Atkinson Ave. 
Milwaukee 16, Wis. 
Copyright © 1961—Vapor Blast Mfg. Co. 
All rights reserved. 
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The Army Gas Cooled Reactor Sys- 
tems Program. 23 pp.; Aerojet- 
General Nucleonics, P. O. Box 77, 
San Ramon, Calif. 

Nuclear Training Instrumentation. 6 
pp.; Two Transistor Scalers with 
Pulse Height Analyzer. 1 p.; Neu- | 
tron Generator. 2 pp.; Two Tran- 
sistor High-Speed Scalers. 2 pp.; 
Picker X-Ray Corp., 25 S. Broad- 
way, White Plains, N. Y. 


Isotopic Labeled Compounds. 40 pp.; 
Nichem Inc., Box 5737, Bethesda 14, 
Md. 





24 pp.; Volk Radio-Chemical Co., | 
8260 Elmwood Ave., Skokie, Ill. 


Radiochemical & Services Catalog.; 
Radioactive Chemicals. 28 pp.; | 
New England Nuclear Corp., 575 | 
Albany St., Boston 18, Mass. 


Labeled Compounds. 2 pp.; Hazel- 
ton-Nuclear Science, 4062 Fabian 
Way, Palo Alto, Calif. 


Controlled Atmosphere Equipment. 2 
pp.; Phileo Corp., Church Rad., 


Lansdale, Pa. 


Single- or Multi-Station Detection 
System. 2 pp.; Nuclear Measure- 
ments Corp., 2460 N. Arlington Ave., | 
Indianapolis 18, Ind. 





New Products and Literature. 1 ad 
Liquid Scintillation-Counting Sys- | 
tems. 1 p.; Nuclear-Chicago Corp., 
333 E. Howard Ave., Des Plaines, 
Til. 


Integral-Mounted Photomultiplier 
Tubes. 1 p.; National Radiac Inc., 
475 Washington St., Newark 2, N. J. 


Geiger-Mueller Tubes. /1 p.; Vic- 
toreen Instrument Co., 5806 Hough 
Ave., Cleveland 3, O. 


Automatic Sample-Changing System. 
2 pp.; Baird-Atomic, Inc., 33 Uni- 
versity Rd., Cambridge 38, Mass. 


Continuous Radioactive Gas & Liquid 
Analyzers. 6 pp.; Atomic Acces- 
sories, Inc., 811 W. Merrick Rd., 





Valley Stream, N. Y. 
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William C. House will direct Aerojet- 
General’s part in the NERVA (Nuclear 
Engine for Rocket Vehicle Application) 
program—a part of the joint AEC- 
NASA Project Charles H. 
Trent, manager of the nuclear propul- 
sion div., will assist House who will be 
responsible for all corporate activities 
pertaining to NERVA. A special 
NERVA advisory group of scientists 
and engineers will assist Aerojet in the 


Lover. 


execution of the program. 


James J. Dickson has been appointed 
assistant manager of the Allis-Chalmers 
Nuclear Power Department, Washing- 
ton. Joseph V. Cupo has taken over 
Dickson’s previous position of engi- 
neering manager and Joseph H. Blachly 


is the new projects manager. 


Alex J. Aronson will head the Nuclear 
Sales div. of Royal Industries, Inc.’s 
Vard Robert A. Aimquist 
will manage sales at the Aerospace div. 
of Vard. Both 


been newly established. 


Division. 


sales divisions have 


Lloyd B Kramer, formerly manager of 
development of space electrical power 
systems at the Westinghouse astro- 
nuclear laboratory, has been named 
manager of nuclear-reactor-core devel- 
opment at the atomic-power depart- 
ment. He will be in charge of research 
and development for core fuel and con- 
trol elements. Also at Westinghouse, 
M. T. Johnson has been named oper- 
ations manager of the Waltz Mill, Pa., 
testing reactor (WTR). He had previ- 
ously been associated with naval reac- 
tors at the National Reactor Testing 
Station, Idaho. 


United Nuclear Corp., newly formed 
consolidation of Olin Mathieson’s Nu- 
clear Fuels Operation, Nuclear Devel- 
opment Corp. of America, and Mallin- 
ckrodt Chemical Works’ Commercial 
Nuclear Operations, has announced the 
of three corporate officers: 
Alexander Keyes, secretary; Edward 
Savage, Jr., general counsel and direc- 
tor of administration; Robert D. Tegt- 
meier, treasurer and controller. 


election 


Jay R. Wolff has been appointed vice 
president in charge of long-range techni- 
cal planning at Radiation Instrument 
Development Laboratory, Inc. Wolff, 
previously technical director at RIDL, 
will select and evaluate new instrument 
ideas for possible product development. 
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Leo Dubinski is the new assistant direc- 
tor for materials for AEC’s Compliance 
div. Dubinski has been with AEC’s| 
Oak Ridge National Laboratory for 14} 
years, most recently as director of the 


ORNL Compliance div. 


Lamar P. Bupp, formerly chemical re- | 
search and development manager at 
General Electric’s Hanford Labora- 
tories, has been named manager of the | 
GE Vallecitos Atomic Laboratory. 
W. Kelly Woods, temporarily acting 
manager of Vallecitos, has been ap- | 
pointed programming mgr. at Hanford. | 
Carroll W. Zabel, formerly a group | 
leader of the physics div. of Los Alamos | 
Scientific Laboratory, has been ap-| 
pointed alternate leader of LASL’s 
reactor-research div. Zabel will be 
concerned with the development of fis- 
sion reactors. Henry T. Motz assumes 
the position of physics group leader. 


Alfred J. Moses has been named man- 
ager, nuclear products department of 
Hazleton-Nuclear Science Corp. The 
appointment reflects H-NS’s plans for | 
expansion of its activities into the prod- 
ucts field which will include, under | 
Moses, a variety of radioactive sources | 
and counting standards, radioactive | 
labeled compounds, and special 
instrumentation. 








Curtiss-Wright Corp.’s Princeton Divi- 
sion has announced the appointment of 
John W. Cantwell as general sales 
manager and John J. Baughan as sales 
manager for nuclear systems and 
military products. 


Richard L. Doan, manager of the 
Phillips Petroleum Co. Atomic Energy 
div., will advise the Turkish Govern- 
ment on nuclear-energy planning. 
The International Atomic Energy 
Agency is sponsoring the program of 
technical assistance to member nations. | 
J. R. Wolcott has been named manager | 
of the General Electric Atomic Power 
Equipment Dept.’s nuclear electronic | 
products section with responsibility 
for design, development, manufacture, 
and marketing of nuclear electronic 
systems and components. Vaughn D. | 
Nixon will succeed Wolcott as manager 
of manufacturing, responsible for the 
production of nuclear reactor compo- 
nents, nuclear fuel and auxiliary 
equipment. 


— eee aa aa ee eS 


FOR AIR, WATER, GAS 


Units or systems to 
solve practically any 
monitoring problem. 
Model AM-33R is the 
first air monitor to solve 
the natural radon prog- 
eny problem by provid- 
ing direct identification 
of long half-life emitters. 


AM-33R $6,580.00 
Others from $1,445.00 


Y ALARM SYSTEM 
This maintenance-free 
“Gammaguard” pro- 
vides an alarm for any 
area where fissionable 
materials are stored, 
used or processed. 
Eliminates central 
power supply. Works 
alone or as part of a 
system. GA-2 $595.00 


Proportional 
Counting Systems 


PC-3A 

$1,395.00 

The only instrument that counts every 
alpha and beta emitted in a 2 pi angle 
from prepared samples. Ideal for 
C-14, Ca-45, P-32 and H-3. No window 
absorption. A four pi model also is 
available. 


GSS-1 $4,180.00 

(Complete System) 

The one system that eliminates “dark 
current” defect. Combines better res- 
olution with greater precision over 
wider range than any other system— 
at any price. Range: 7 kev. to 5 mev. 

All prices are F.0.B. Indianapolis 

PHONE COLLECT (Liberty 6-2415) OR WRITE... 


Nuclear Measurements Corp 


2460 N. Arlington © Indianapolis 18, Indiana 
international Office 13 E. 40th St., New York 16, N. Y. 
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~FIRST— 


y 


GET YOUR OWN COPY OF LIONEL’S 


A,B.’ AND NEUTRON 
DETECTOR CATALOGS.” 


strumentation job—or the ‘‘old man”’ 


tt your own copy of Anton's a, b, y a 

Jaal-B-) late te] ge he) ol-1e-) elated o) aelelste lel a-e 

1-3 Cl alel-1ceh-wat-\ om ol=1-18\-) moh Vabcelae 

tor types are normally available from 
muahcolammale loi (-1-]a0|-] ole]g-] te) a’am al-y-1 ha Mam ol aly 
ilso in continuous development 


mere] ©}vare) mols) more) asie)(-1¢-Mel-be-MIsm ET lal 


UIN-i. 


LIONEL ELECTRONIC LABORATORIES 
FE nerly Anton Electronic Laboratories, In: 
1226 FLUSHING AVE., B’KLYN 37. N.Y 


A DIV N OF THE LIONE F 


| September 3-8- 


| September 4-9 


| September 6-9 
Physical Society, 
Contact W. A. Nierenberg 
California, Berkeley 4, Calif. 


| October 8—-14—American 


International Atomic Energy Agency 


August 3-11—Seminar on Physics of Fast 
and Intermediate Reactors, Vienna. 
September 4-8—Conference on Plasma 
Physics and Controlled Nuclear Fu- 

sion Research, Salzburg, Austria. 


August 6-26—Nuclear Physics Summer 
Course, sponsored by the Italian Phys- 
ical Society, Varenna, Italy. Con- 
tact G. Poivani, Via Saldini 50, Milan, 
Italy. 


August 28-30—Symposium on University 
Use of Subcritical Assemblies, jointly 
sponsored by ANS, ORNL, AEC; 
Gatlinburg, Tenn. Contact Sympo- 
sium Office, University Relations div., 
Oak Ridge Institute of Nuclear Stud- 
ies, Oak Ridge, Tenn 


140th Meeting of Amer- 
ican Chemical Society, including 
symposium on nuclear technology, 
Chicago; contact: A. T. Windstead, 
National Meetings Dept., ACS, 1155 
16th St., N.W., Washington 6, D. C. 


International Confer- 
ence on Low-Energy Nuclear Physics, 
sponsored by International Union of 
Pure and Applied Physics, Man- 
chester; contact: B. H. Flowers, 
Manchester U., Manchester 13, Eng. 


September 5—-12—2nd International Con- 
ference on High Energy Accelerators 
and Instrumentation, sponsored by 
the Commission on High Energy Phys- 
ics of the International Union for Pure 
and Applied Sciences, Brookhaven 
National Lab., Upton, N. Y. Con- 
tact Prof. P. Fleury, Institut d’Opti- 
que, 3, Blvd. Pasteur, Paris. 


September 6-8—Nuclear Instrumenta- 
tion Symposium sponsored jointly by 
ISA, AIEE, IRE; North Carolina 
State College, Raleigh, N. C. Con- 
tact ISA Meetings Manager, Penn 
Sheraton Hotel, 530 William Penn 
Place, Pittsburgh 19, Pa 


Meeting of the American 
Seattle, Wash. 
Univ. of 


tocket Society 
Annual Mtg., New York; sessions on 
nuclear propulsion. Contact: R. W. 
Bussard, Los Alamos Scientific Lab., 
Box 1663, Los Alamos, N. M. 


October 23-26—International Sympo- 
sium on Aero-Space Nuclear Propul- 
sion, jointly sponsored by AEC, 
NASA, and the IRE PGNS, includ- 
ing review of SNAP, Rover and 
Pluto programs, Las Vegas, Nev.; 
contact: D. J. Niehaus, The Bendix 
Corp., Detroit, Mich. 
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EMPLOYMENT OPPORTUNITIES 
© 





THE KNOLLS ATOMIC POWER LABORATORY 


... Vhere Achievements in Research 
“ Selective program expansion—and commencement of 
Are Applied Today... a promi arc of naar ctr nd pow 
pliant techno —have genera’ seve new n- 
ings of unusual potential at KAPL. 
And Developed  resitions are immediately availabe in: 
P Theoretical fp ne ye | 
i ] ics (P 
Into Tomorrow’s Cais techoke 


Welding Development 
Thermal and Hydraulic Design 
Nuclear Systems... Fiva'syaen 


Forward your resume in confidence to 
Mr. G. L. Smallwood, Dept. 48-MH 


Knolls Alomic Power Laboralory 


OPERATED FOR AEC OY 


U. S. Citizenship Required. All qualified G 7 ty t 3 A L @B rp LE CTR i C 


applicants will receive consideration for em- 
ployment without regard to race, creed, color 


or national origin. Schenectady, New York 





OPPORTUNITY IN FOR PHYSICIST, CHEMIST 


pnb HEALTH PHYSICS | it rtncron oven 

R E A CT O R AT PRINCETON UNIVERSITY 

Permanent position, stimulating work in an informal research atmos- 

phere. B.S. or M.A. degree required with substantial work in physics 

Ph: YSI CIST and electronics. Experience helpful. Must be interested in radiation 
detection, instrumentation, shielding, isotope use problems. 


At The Salary on industry level. Unusual fringe benefits include 4 weeks paid 
; vacation and generous retirement plan. 


EXPERIMENTAL GAS 
COOLED REACTOR ACCELERATOR pogo. A 
OAK RIDGE 
TENNESSEE 
Supervises activities of the physics 


group and is responsible for planning SALES REPRESENTATIVE for 
and executing the physics program for : . POSITIONS 











the reactor and the experimental loops. Spencer Chemical Company is seek- 
in the 


‘ : P t ing an experienced industrial sales 
For further information contac representative for its Nuclear Fuels NUCLEAR 
EMPLOYMENT BRANCH group. Preferably this man should 

have an engineering degree and it is FIELD... 
TENNESSEE VALLEY imperative he have experience in the 

Nuclear industry. This position offers WRITE US FIRST! 
AUTHORITY an excellent opportunity for growth Use Our Application 
into a sales management position. In No Resume Required 
reply send detailed résumé to: 








Knoxville Tennessee 





Our national coverage and 
Personnel Manager technical experience in 


ioe the nuclear field offers 
ing the maximum opportunity 
Sanems City, Misco to achieve your goals. 


iri : Confidential Handling 
Your Inquiries to Advertisers 
Will Have Special Value ... Employer Pays fee 


—for you—the advertiser—and the publisher, if you : 
cosattie this publication. Advertisers value highly M with in Write: Arthur L. Krasnow 


ide blieation you read. Satis a ; up and managing 
tis duos spas the publishers 40 secure more ad- | Fadioisotope Taboratory for well Known electronic | ATOMIC PERSONNEL, INC. 
vention aand-—aaene Sa a ‘ st. ly: PW-6917, Nucleonics, | 1518 Walnut St. + Phila. 2, Pa. « PE 5-4908 
mation on Saeed Adv. Div., P.O. Box 12, New York 36, An Employment Agency for the Nuclear Field 








value—to YOU. 
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EMPLOYMENT OPPORTUNITIES 








SCIENTISTS AND ENGINEERS ARE NEEDED AT AMF ATOMICS 
IMMEDIATE OPENINGS AT ALL LEVELS 





Large New Programs in Remote Handling Systems and Reactor Development 
Have Created the Following Requirements: 


MECHANICAL ENGINEERS for complex nuclear han- ELECTRICAL ENGINEERS with experience in motor 
dling equipment projects. Machine design, controls, power distribution and servo systems. 
shop practice, hydraulics, fluid flow, heat trans- Must have good working knowledge of commer- 
fer experience desirable. Knowledge of shield- cial equipment. Familiarity with radiation 
ing and radiation effects helpful. effects desirable. 


PROJECT ENGINEERS experienced in leading reactor NUCLEAR ENGINEERS to lead advanced reactor 
projects and facility studies. Must be capable projects. Requires ORSORT training or equiv- 
of planning and controlling costs and schedules, alent, and broad background in reactor design 
dealing with customers, coordinating other and construction or operation. Strength in 
groups. Mechanical or civil background. core physics or thermodynamics. 


PROCESS ENGINEERS for planning, organizing, and PHYSICISTS to supervise reactor test programs. Re- 
controlling liquid metal projects. Responsible quires advanced degree or equivalent on-the-job 
for costs, schedules, and customer liaison. Ex- training and experience in reactor physics, 
perience in project work and liquid metals. shielding, and experimental work. 


Contact: Personnel Department 
AMF ATOMICS 
A Division of American Machine & Foundry Company 
140 Greenwich Avenue, Greenwich, Connecticut 


Experience, performance across the board . . . across the world 
All qualified applicants will be considered regardless of race, creed, color or national origin. 





























‘Put Yourself in the Other 
Fellow’s Place”’ 


EDITOR PROFESSIONAL 
WANTED SERVICES 


TO EMPLOYERS 
eeoeeveeveeveeeee2 ASTRA, INC. 


r . Consultants, For industry c Government 

ie Nuclear: Analysis, Reactor Specifica- 
__ To write about the excit- | | test: pesign, Snide Healt Pins Cai TO EMPLOYEES 
ing field of nuclear tech- icality Hazards Studies 


Space: pncaten Btocts, Propuisien, Satellite 
‘ower ants, anetary Sirmulators 

nology we need a Advanced Technology: Heat Transfer, Stress 
Aanalysis, Thermodynamics, Electronic Data 


. . * Processing, Cryogenics Lette written offering Employment or 
e t or engineer 4386 _ o rs rf ploy 
SCIONS? OF © 3 _.._ A... Coble: ASTRA applying for same are written with the 


who has hope of satisfying a current need. An 


Rm answer, regardless of whether it is favorable 
® nuclear experience y | ; P or not, is usually expected. 

and is willing to 2 genes 1 MR. EMPLOYER, won’t you remove the 
° ; ; mystery about the status of an employee’s 
e learn to write Advertisers will application by acknowledging ali applicants 

Have Special Value ees Le and not just the promising candidates. 
If you think you might MR. EMPLOYEE you, too, can help by 
— = Ota acknowledging applications and job offers. 

meet the challenge and for you—the advertiser : 
$ . ; This would encourage more companies to 
would like to try, send and the publisher, if you men- answer position wanted ads in this section 
resume and salary require- tion this publication. Advertisers We make this suggestion in a spirit of help- 


| igh! . . ful cooperation between employers and em- 
saaaie te value highly this evidence of iia, 





La 
Inn. aattfl 
lin al 

















the publication you read. Satis- 
fied advertisers enable the pub- 


The Editor lisher to secure more adver- 
NUCLEONICS tisers and—more advertisers 


McGraw-Hill Building Classified Advertising Division 


mean more information on 
330 West 42nd Street more products or better service McGRAW-HILL PUBLISHING CO., Inc. 
New York 36, N Y —more value—to YOU. 330 West 42nd St., New York 36, N. Y. 


This section will be the more useful to all 
as a result of this consideration. 
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CLAVE 


& Panoramic mirror sighting instruments 
B® Periscopes 
® Endoscopes 


FP Observation glasses 
for nuclear observation 


OPL-BRACHET 


& Telemicroscope 


for observation of radioactive samples 


sae GOBAIN 


nNuCeSa©re 


23 bd G. Clémenceau-Courbevoie (Seine) France 


Vol. 19, No. 8 - August, 1961 99 





INDEX Tt heed a te lle 
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can Machine & Foundry Co..35, 77 


* American Tradair Corporation, Ekco 
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¢ * Ateliers De Constructions Electri- 
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Atomic Film Badge Corp 
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* Los Alamos Scientific Laboratory... 76 
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* National 


* Nuclear Data, Inc. 

* Nuclear Enterprises Ltd 

* Nuclear Measurements Corp..... 
OT ee 


Oak Ridge Technical 
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Enterprises 


* Pechiney Division “Aaaiastions 
Atomiques et metaux speciaux” 13 
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* RCA Service iiinety. 


* Radiation Counter Laboratories, 


* Radiation Instrument Development 
Laboratory, Inc. 


Radiation Technology, 


Research Laboratories United Air- 
craft Corp. 


* Saint-Gobain Nucleaire 
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Stearns-Roger Mfg. Co 


Corporation 
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* Tennessee Coal & Iron Division. 10, 11 


® Tektronix, Inc 


*Texas Instruments Incorporated 
Metals & Controls, Inc 


© * Tracerlab, Inc 
United Nuclear Corp 


* United States Steel Export Com- 


* United States Steel Corporation 10, 11 
Vapor Blast Mfg. Co 


Company 
4th Cover 


* Victoreen Instrument 


Westinghouse Atomic Power Divi- 
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.2nd Cover 


Wiggins Oil Tool Co., Inc., 
* Worthington Corporation. 
*See the advertisement in the November, 


1960 issue of Nucleonics Buyers’ Guide for 
complete line of products and services. 
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to overseas 


@ These advertisements 
copies of this issue mailed 
subscribers. 
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A reactor for Ohio State. Soon Ohio State University.can perform a 


broad range of experiments in isotope production, reactor physics, radiation effects, medical 
irradiation, and other nuclear studies — including those at advanced and unusual levels. The 
school’s new pool-type reactor, developed and built by Lockheed, features instrumentation and 
controls more sophisticated than those ordinarily associated with training reactors. The new 


reactor also has a secondary pool for use as a bulk shielding facility to permit experiments in 
large homogenous media, irradiation from spent fuel, isotope sources — and other shielding 
studies. Address: Lockheed Nuclear Products, 1500 Northside Dr., N.W., Atlanta 18, Georgia. 
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VICTOREEN 
COUNT 
KATE 
METERS 


VICTOREEN COUNT RATE 
METERS meet a wide variety of 
requirements ioe log | - linear and 
differential EB applications. Designed 
by Vicsoneal’s Tullamore Laboratories, 
all are accurate, reliable, compact 

. all are easy to read, easy 

to use... all are available NOW. 


CRM-2 Linear 


2CRM-2D and 2CRM-3C Dual Differential 


CM Service by 
RCA SERVICE COMPANY 


A Division of Radio Corporation of America 


5806 HOUGH AVENUE* CLEVELAND 3, OHIO 


EXPORT: 240 WEST 17th ST.* NEW YORK 17, NEW YORK 


VICTOREEN—WORLD’S FIRST NUCLEAR COMPANY 
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